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Surface-Active Agents as Ointment Bases* 


By M. C. DODD, F. W. HARTMANN and W. C. WARD 


A study of nine water-miscible or water-dispersible ointment bases is reported. 
Selected surface-active agents were compounded to produce pharmaceutically ac- 
ceptable ointment bases, and their irritant effects on intact human skin were de- 
termined. The bases were composed predominantly of surface-active material and 


contained no water. 


Antiseptic action from these bases was shown to be superior 


by cup plate test to that obtained when oily bases were used. A correlation between 
the ionic character of a surface-active agent and cutaneous irritation is suggested 
by the data. 


N THE past few years the subject of~*~Strakosch and Olsen (7) to release effectively 


hydrophilic ointment bases has received 
considerable attention. Recent reports ad- 
vocating the use of water-miscible ointments 
in the treatment of burns have appeared in 
the literature as a result of both laboratory 
and clinical study. Since medicinal oint- 
ments depend upon diffusion and absorption 
to produce the effect of the therapeutic 
agent present, the interest in the hydro- 


‘philic type of ointment base is not surprising. 


Ointment bases having hydrophilic 
character have been demonstrated by numer- 
ous workers (1-6) as useful vehicles for anti- 
septics. Such bases have been shown by 


* Received Sept. 19, 1945, from the Research Department 
of Eaton Laboratories, Norwich, N. Y. 


sodium sulfathiazole while Sorg and Jones 
(8) reported excellent activity from anti- 
septics in a hydrophilic base containing no 
water. 

The local use of the sulfonamides in the 
prevention of infection has been widespread 
and extensive clinical trials have led to many 
claims of the superiority of the water- 
dispersible preparations of these compounds. 
Kern (9) has recommended the use of sulfa- 
thiazole in a washable base as a burn treat- 
ment, offering 360 cases of varying degrees 
of burns as a basis for his conclusions. 
Morgan (10), in reviewing the use of the 
sulfonamides, states that for local applica- 
tion an oil-in-water emulsion is the pre- 


ferred vehicle. Hawking (11) has proposed 
33 
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the microcrystalline suspension as the prep- 
aration of choice when applying sulfathiazole 
locally and as second choice has designated 
the oil-in-water emulsion. 

Furthermore, certain valuable character- 
istics of this type of base have been observed 
which recommend its clinical use. It has 
been suggested as a means of avoiding the 
irritation of wounds which frequently occurs 
when removal of medication is difficult. 
Goodman (12) has pointed out the necessity 
of easy removal of excess ointment without 
irritation in order that fresh applications 
will find close contact. The convenience 
of washable bases to patient as well as 
clinician has been noted by Traub (13). 
The advantages of washable bases in pro- 
moting normal drainage of wounds are 
mentioned by Mumford (14) who states 
that an ideal base is one that can be removed 
without the use of olive oil or paraffin. 

The most frequently advocated base of 
a washable type is the oil-in-water emulsion. 
This vehicle has served a valuable purpose, 
having been employed by many investi- 
gators as a medium for the application of 
the sulfonamides. There are some objec- 
tions to the oil-in-water emulsion type 
base, however. Fiero (15) has noted the 
failure of alkaline oil-in-water emulsions 
as vehicles for medicaments such as salicylic 
acid and mercurials. Along the same line, 
French (16) has pointed out the tendency 
of oil-in-water emulsions containing soap 
to develop alkalinity and has also demon- 
strated the incompatibility of strong elec- 
trolytes in these bases. According to the 
observation of Harry (17) that ointments 
should be compounded within a pH range 
of approximately 5.3-5.6 to conform to the 
acid pH of the skin, this development of 
alkalinity would be objectionable. Good- 
man (12) has pointed out the incompatibility 
of oil-in-water emulsions with sulfathiazole 
through salt formation if triethanolamine or 
its soaps are used as emulsifiers. An equally 
valid objection is the weakening of the pro- 
tective physical covering due to the presence 
of water. Another undesirable feature is 
the tendency for water to evaporate causing 
a deposit of oily constituents and a concen- 
tration of ingredients. 


SURFACE-ACTIVE AGENTS 


The compounding of pharmaceutically acceptable 
water-miscible bases which contain no water was 
suggested from experience with synthetic organic 
materials of the surface-active type. A surface. 
active agent may be simply described as one which 
affects the surface layer of one phase in contact with 
another and may be anionic, cationic, or nonionic 
in type. From the extensive array of such agents 
now available (18), nine were selected which by 
their physical characteristics seemed potentially 
useful for the preparation of nonaqueous ointment 
bases. Each of the three types is represented. A 
list of these materials with a short description of 
each follows. Provisional formulas are shown in 
those cases where an exact formula is not known. 
These conditional formulas are provided to give a 
graphic representation of the substances which wil] 
be useful in the following discussion. 

1. Sulfonated Hydrogenated Castor Oil,' a 
water-soluble material, has been reported as an 


ointment base (15). This will be referred to as 


SHCO. 
Formula: 
OSO.H 
CH.OCOCH,.(CH,) »C— (CH,),CH 
H 
OH 


),CH 


H on 
H 
Mol. wt. = 946. SO; content = 10°) (approx.) 


2. Carbowax 4000? is a polyethylene glycol re- 
sembling paraffin in its waxy appearance. It is 
soluble in water. 


Formula: 


HOCH, (CH,OCH,),CH,OH 


3. Carbowax 1500? is a mixture of polyethylene 
glycols having an appearance similar to white pet- 
rolatum. It is water soluble. Several workers 
(19, 20) have reported the use of the Carbowaxes 
in ointment base compounding. McClelland and 
Bateman (21) have presented an excellent review of 
the polyethylene glycols and Carbowax compounds 
pointing out the rapid development of these ma- 
terials as components of pharmaceutical ointments. 
Snell (22) states that the surface-active properties 
of the Carbowaxes are probably due to micelle 
formation since their structure does not conform 
to the usual requirements for orientation at an 
interface. 


1 National Oil Products Company, Inc. ; 
2 Carbide and Carbon Chemicals Corporation. 
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Formula: 


4. Trigamine Stearate*® is a trade name for a 
product similar to triethanolamine stearate. It is 
water dispersible. For testing purposes it was 
necessary to compound this material in this fashion: 
Trigamine Stearate, 30%; Propylene Glycol, 70%. 

Formula: 


5. Arlacel B‘ is the trade name for mannitan 
mono-oleate. This material is insoluble in water 
but is a useful emulsifier and lends itself well to the 
compounding of nonwater-containing bases. For 
testing purposes it was compounded as follows: 
Arlacel B, 85°¢; Carbowax 4000, 15%. 

Formula: 


O 


H.C 


HodH CHOH 
Cc 
OH 


6. Tween 60‘ is the trade name for a polyoxy- 
alkylene derivative of sorbitan monostearate. This 
material is somewhat analogous to Arlacel B. It 
is water soluble. For testing purposes it was com- 
pounded in this fashion: Tween 60, 90%; Carbo- 
wax 4000, 10°. 

Formula: 


O 
H.C  CH—CH, 


HOCH CHOH 


OCO(CH2)isCHs 


Jenkins, et al. (23) have reported the use of spans 
and tweens in the preparation of bases for a sulfa- 
thiazole ointment. Their work showed that the 
inclusion of these surface-active agents in the oint- 
ment base permitted and enhanced the release of 
medicament. 

7. Glyceryl laurate* is the glycerin ester of 
lauric acid. It is an emulsifying agent and dis- 
persible in water. This was tested undiluted. 

Formula: 


HOCH,—-CHOH 


8. Cationic Agent D® is essentially the stearyl 


amine salt of the stearyl amide of ethyl phosphoric 
acid. It is dispersible in water. 


* Glyco Products Company. 
‘ Atlas Powder Company. 
* Victor Chemical Works. 


Formula: 
Et 

CH;(CHe2) s«CONH—P=O 


9. Triton K-60* is the trade name for cetyl 
dimethyl benzyl ammonium chloride. It is water 
soluble. 

Formula: 


| 
CisHss—N—C1 
CH; 


It was found possible to prepare combinations of 
the above that had the required characteristics of an 
acceptable ointment base coupled with the virtue 
of being readily removable with water. Propylene 
glycol was used with the above-mentioned nine ma- 
terials in preparing bases. Its use as an excipient 
has been reported (24). 

Base No. 1019.—To illustrate the effectiveness 
of the above types of bases as vehicles for anti- 
septics, a preparation containing sulfonated hydro- 
genated castor oil 35%, Carbowax 1500 60%, and 
propylene glycol 5% was used as a base for com- 
pounding boric acid 10%, ammoniated mercury 5% 
and Whitfield half strength; and their antiseptic 
activity compared with the official preparations by 
the agar cup-plate method of the U. S. Food and 
Drug Administration (25). The base was de- 
signated as No. 1019. 


TaBLeE I.—ANTISEPTIC ACTION OF OINTMENTS VS. 
STAPHYLOcoccuUS AUREUS* 


Official 
Ointment Preparation No. 1019 
Boric Acid 0-0.5 6-7 
Ammoniated Mercury 5-6 9-10 
Whitfield, half strength 4-5 7-8 


® Data are expressed in mm. of clear zone surrounding 
ointment. 


The above results clearly demonstrate the su- 
periority of the water-miscible base for the release 
of the antiseptics tested. However, the admoni- 
tions of Foley and Lee (26) and Busse (27) that 
each preparation should be evaluated on an indi- 
vidual basis, must be remembered, since in all cases 
the superiority of one vehicle over another is not 
clearly proved. 

The release of sulfonamides from Base No. 1019, 
SHCO, Carbowax 1500, a Tragacanth Jelly Base, 
an oil-in-water emulsion, propylene glycol, a 50-50 
mixture of petrolatum and lanolin, Hydrosorb’ and 
petrolatum was investigated using the technique 
employed by Strakosch (7). Essentially the same 
results were obtained. Those bases capable of 


¢ Rohm and Haas Co. 
7 Abbott Laboratories. 
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absorbing water showed greater release of drug. 

Clinical use of the above nine materials must be 
preceded by proof of the lack of irritant properties 
and inhibitory effect on healing wounds. The 
experimental work which follows concerns an in- 
vestigation of the irritant properties of these ma- 
terials on laboratory animals and human beings as 
well as their effect on the healing of wounds in 
rabbits. Where possible and feasible the materials 
were tested undiluted. In cases where this was 
impractical, the highest percentage level of the ma- 
terial that would permit a usable combination was 
employed. The Carbowaxes were not tested since 
a very thorough investigation by Smyth (28) and 
co-workers has provided data on the lack of irritation 
from these materials. 


TABLE II.—EFrect oF SEVERAL SURFACE-ACTIVE AGENTS ON HUMAN SKIN 


caused no more than hyperemia of the conjunctiva, 
while Arlacel B and Tween 60 elicited no reaction 
whatsoever. Triton K-60 was not employed in this 
or the next test to be described because it was not 
available in the laboratory at the time. 

Rabbit Skin.—The six agents were applied to the 
depilated skin of eight rabbits for intervals up to 
seventy-two hours. Here also SHCO and Cationic 
Agent D were found to be the most irritating, 
causing local edema and necrosis in addition to 
hyperemia. Arlacel B had the least effect, causing 
only slight reddening of the skin. 

Human Skin.—The site used was the inner 
aspect of the forearm. The volunteer group was 
diversified and included an approximately equal 
number of men and women from 20 to 50 years of 


Glyceryl Cationic 
Trigamine Arlacel B Tween 60 Laurate Agent D 
SHCO Undiluted Stearate 85% Conc. 90% Conc. Undiluted Undiluted Triton K-60? 
30% Conc 
Subject 24 Hr. 48 Hr. 24Hr. 48 Hr. 24 Hr. 48 Hr. 24 Hr. 48 Hr. 24 Hr. 48 Hr. 24 Hr. 48 Hr. 24 Hr. 48 Hr. 
2 - - + - - 
6 +++ + y + + + + 
7 — + + + +. + 
8 - = + — +++ 
11 - - + - - - =- = = = 
12° + - - - = = 
17° + + + _ _ + + + + 
Key: — = noreaction. + = hyperemia. +++ = hyperemia, necrosis, vesiculation. ++++ = hyperemia, necrosis 


vesiculation, swelling. 
® Suspension as supplied by manufacturer. 


> An interesting delayed reaction was observed with Cationic Agent D in three subjects. The reaction appeared approxi 
mately one week after this substance had been removed from the skin and consisted of intense hyperemia, local edema, and 
severe itching. Superficial necrosis was followed by uncomplicated healing. 


Test substances were applied to the eyes of rabbits 
and to the intact epithelium of rabbits and human 
beings. Materials that were found nonirritating 
were tried for their effect on the healing of experi- 
mental wounds in rabbits. 


EXPERIMENTAL 
Irritation Tests 


Rabbit Eye.—SHCO, Trigamine Stearate, Arlacel 
B, Tween 60, glyceryl laurate, and Cationic Agent 
D were placed in the conjunctival sacs of seven 
animals. At various intervals up to twenty-one 
hours the eyes were examined for evidence of 
inflammation. SHCO and Cationic Agent D were 
found to be the most irritating, giving rise to 
hyperemia of the conjunctiva and clouding of the 
cornea. Trigamine Stearate and glyceryl laurate 


age. All of the materials excepting the Carbowaxes 
were applied to the skin and covered with small 
gauze and adhesive bandages. Twenty-four hours 
after application the dressings were removed and the 
areas were inspected carefully. If there was no 
evidence of irritation the test substance was again 
applied to the same area for another day. 

The results of this test may be seen in Table II. 
From the table it may be seen that Arlacel B, 
Tween 60, and glyceryl laurate caused no irritation 
of the skin after forty-eight hours’ contact. On 
the other hand SHCO, Trigamine Stearate, Cationic 
Agent D, and Triton K-60 behaved as primary 
chemical irritants. On this basis it was decided 
that the former three were worthy of careful study 
of their effect on the healing of experimental wounds. 
Such investigation of the latter four materials did 
not seem warranted in view of their action as 
chemical irritants to intact epithelium. 
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It should be noted that the animal skin tests, 
carried out before those on human skin, help to 
minimize the risk of human volunteers, though the 
results may be dissimilar. Experience with surface- 
active agents in this Laboratory has indicated that 
rabbit skin is in general more sensitive than that 
of human beings and will show a hyperemic reaction 
to various agents which have no apparent effect 
on human skin. Thus the rabbit test serves to 
warn of markedly irritating chemicals, though a 
reaction on the rabbit does not necessarily preclude 
human testing under close observation. 


Wound Healing Tests 


Rabbit Skin.—Twenty rabbits ranging in size 
from 1.5 to 3 Kg. were selected for this work. After 
depilation with electric clippers six excisions from 
the skin on the back of each animal were made with 
a rongeur and scalpel. Three of the wounds were 
then treated with the test substances, the other 
three remaining as controls. The wounds were 
covered by small gauze and adhesive bandages. 
Canvas jackets were fitted to those animals who 
repeatedly tore off the small bandages. Encrusta- 
tions over the healing wounds were removed as 
they formed in order to keep the test substances 
in intimate contact with living, proliferating tissue. 

Observation of the wounds, recording of their 
size, and renewal of treatment were carried out 
every other day until all wounds were healed. For 
the purpose of this experiment, healing was arbi- 
trarily defined as the stage at which new epithelium 
over the lesion first became continuous. A record 
of the unhealed area of each wound was maintained 
throughout the experiment by means of tracings 
on cellophane. The tracings were transferred to 
notebook sheets with carbon paper. Finally plan- 
imeter measurements were made on all tracings in 
order that their areas might be expressed in terms 
of square mm. This technique was first described 
by Carrell and Hartmann (29) and has been recently 
recommended by Howes (30) as “the nearest ap- 
proach to a satisfactory method of measuring the 
rate of epithelization without recourse to biopsy. . . ."’ 

During this experiment three wounds (out of the 
total 120) became infected with pyogenic organisms. 
Since it is well recognized that infection may delay 
healing to a marked degree, the data on these lesions 
were excluded from consideration as soon as evidence 
of infection was noted. The results of these experi- 
ments are summarized in Table III. 

Before considering the data tabulated in Table 
III it will be helpful to consult the graphs of the 
treated wounds with their respective controls (see 
Figs. 1, 2, and 3). This will afford a visual com- 
parison and provide a better basis for a discussion 
of the results. The graphs are based on the data in 
Table II] and show the unhealed area of the lesions 
from their initial areas through to complete healing. 
It should be noted that all points are plotted to the 
nearest whole number, and this was done for two 
reasons. In the first place, it seems highly im- 
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Fig. 1._-Average healing rate of 20 wounds treated 
by local application of glyceryl laurate, undiluted, 
and 20 symmetrically located control wounds on the 
same rabbits. 


probable that this type of test is precise enough to 
warrant an attempt to plot ditferences in averages 
as small as tenths of a square millimeter. Secondly, 
in order to plot such small differences it would be 
necessary to employ a much larger scale, an ob- 
viously impractical step. 

Control Wounds.—Turning now to the data, 
attention is called first to the three groups 
of control wounds (Fig. 4). A control (untreated 
wound) was used for comparison with every treated 
lesion. The controls were always on the opposite 
side of the dorsal midline and at the same level, 
i.e., anterior, mid or posterior. They were covered 
with small dressings in the same manner as the 
treated wounds but, of course, received no topical 
medication. 

The wounds treated with glyceryl laurate (100%) 
healed at a rate similar to that of the control groups, 
with a negligible difference in size found at the end 


va, 
ion 
his 
not 
4, 
the 
to 
nic 
130 
to 
ing 
ner 
was 
r 
of 
60 


38 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


TABLE III.—Data ON WouNDS TREATED WITH GLYCERYL LAURATE, TWEEN 60, ARLACEL B AND THREE 


CONTROL WouNDS BASED ON EXPERIMENTAL EVIDENCE FROM 20 RABBITS® 


Location 2 4 
Substance Applied of Wound Initial Days Days Days 


Glyceryl! Laurate 


(100%) Rt.-post. 123 140 144 134 
Control Left-post. 128 147 128 108 
Tween 60 (90%) Left-mid. 135 156 135 120 
Control Rt.-mid. 106 127 99 85 
Arlacel B (85°7) Rt.-ant. 137 172 146 126 
Control Left-ant. 160 177 158 131 
Av. of Three 

Controls Above ...... 131 150 127 108 


——Av. Area in Sq. Mm.—— 
6 8 


Av. Shortest Longest 
Healing Healing Healing 
10 12 14 16 Time Time Time 


Days Days Days Days Days in Days in Days in Days 


70 18 6 602 6.2 13.4 12 18 
46 li 2 0.1 O 12.3 10 16 
50 13 a5 G2 © 12.7 10 16 
29 3.9 0.6 O 0 10.9 Ss 14 
48 9.6 2.4 0.4 O 13.2 10 16 
54 14 3.8 0.7 0.1 13.1 10 18 
4 9.6 2.1 0.3 O 12.1 9.3 16 


@ Numbers greater than 10 recorded as nearest whole number, except average healing time Numbers less than 10 recorded 


as nearest 0.1. 
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Fig. 2.—Average healing rate of 20 wounds treated 
by local application of Tween 60, 90°, and 20 
symmetrically located control wounds on the same 
rabbits. 


of the healing period (see Fig. 1). One and one- 
tenth days longer were required on the average for 
the treated wounds to heal, and this small difference 


Fig. 3.—Average healing rate of 20 wounds treated 
by local application of Arlacel B, 85°) and 20 sym- 
metrically Jocated control wounds on the same 
rabbits. 


is borne out by a comparison of the shortest and 
longest healing times observed in both groups. 
(See Table III.) It appears that glyceryl laurate 


o RA !! 
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had a very slight effect, if any, on the healing 
process. 

Wounds to which Tween 60 (90°%) was applied 
also healed at almost the same rate as the controls 
and by the fourteenth day after excision were in 
essentially the same state (see Fig. 2). However, 
the treated lesions required one and eight-tenths 
days longer on the average to heal. This small 
difference is substantiated by the differences be- 
tween the extremes (most rapid and slowest) of 
the two groups. Here, again, the effect of the 
material applied to the wound was slight. 

Considering wounds treated with Arlacel B 
(85°%), the similarity of healing between the treated 
and control groups from start to finish is striking. 
Figure 3 overemphasizes the slight difference in 
the average sizes on the 14th day because of the 
accepted practice, followed for purposes of uni- 
formity in handling data, of plotting only to the 
nearest whole number. Actually the average area 
of the control wounds was only 0.3 sq. mm. greater 
than that of the treated groups, and of no conse- 
quence. The similarity in healing is further em- 
phasized by the approximately equal figures for 
average, shortest, and longest periods required for 
the wounds of both groups. Thus there was no 
adverse effect on healing by Arlacel B under experi- 
mental conditions. 

Returning to further consideration of the three 
sets of control wounds, employed primarily to 
ascertain the variability which could be considered 
normal for this technique, it will be noted in Fig. 4 
that healing in the three positions follows the same 
general trend. Reference to Table III shows that 
by the fourteenth day the differences are minor 
indeed. The area of the control lesions at that 
time shows a maximum variation from the mean 
for all three groups of 0.4 sq. mm. This was re- 
duced by the sixteenth day to an insignificant 
figure. From these data it would seem that the 
technique is well standardized and capable of giving 
readily reproducible results. The last two columns, 
showing the greatest and shortest healing times, a 
difference of six to eight days, demonstrates the 
need for control wounds on all animals in a series. 
When the average healing times for the three 
control groups are compared it will be noted that 
there are differences attributable to position or 
other uncontrolled factors. The healing time for 
the three control groups was twelve and one-tenth 
plus or minus one and two-tenths days, showing 
approximately 10°% variability. Position probably 
is the important factor here because blood supply 
varies accordingly, and it has long been recognized 
that the blood supply influences healing to a great 
extent. 

As a histopathological check on our gross tech- 
nique, biopsy specimens were taken from one animal 
twelve days after wounding. This rabbit was 
selected as fairly representative of the whole group 
of animals under treatment. The six biopsies were 
then submitted to Dr. Roger B. Scott, of Johns 


Hopkins University Medical School, Baltimore. 

The microscope examination showed that the 
wounds treated with the three substances did not 
differ histologically from their respective controls, 
except for a relatively slight inflammatory reaction 
encounteredl in the lesion to which glyceryl laurate 
had been applied. It should be remembered that 
biopsies were taken from a single animal which 
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Fig. 4.—-Average healing rate of 60 untreated 
wounds on rabbits, 20 at each of three levels on the 
dorsum and the general average obtained from all 
levels. 


appeared typical of the whole group, and for this 
reason minor histological differences in the lesions 
would be expected on the basis of individual varia- 
tion between animals and between wounds on a given 
animal. Thus, the microscopic findings are in good 
agreement with the gross observations: in no case 
did the test materials show any marked or important 
effect on wound healing. - 
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DISCUSSION 


The surface-active agents employed in 
this study were examined for their suit- 
ability as major components in compounding 
hydrophilic ointment bases. Such sub- 
stances offer possibilities as superior vehicles 
because of their ability to lower interfacial 
tension and promote more thorough diffusion 
of medicament. The excellent emulsifying 
properties of these substances provide oint- 
ments washable with water alone, allowing 
easy removal from injured tissue for frequent 
observation with a minimum of mechanical 
irritation. These properties also make these 
materials suitable as medicated cleansing 
agents for removal of debris and dirt. Fin- 
ally, the use of these substances obviates 
compounding water in hydrophilic bases. 

Surface-active agents are substances which 
lower interfacial tension, increase penetra- 
tion, act as detergents or emulsifiers, or 
in some other manner display surface 
activity. Duemling (31) has shown that 
these substances penetrate the skin and 
increase the absorption of fats and mercury 
compounds by the skin. Rothman (32) 
has also claimed that surface-active agents 
enhance percutaneous absorption. This 
activity is attributable to the chemical 
structure of these substances which have 
hydrophilic and hydrophobic segments caus- 
ing orientation at an interface. Much atten- 
tion has been accorded surface-active agents 
for use on the skin as detergents and as soap 
substitutes. Many of the agents have 
been found to be irritating. Lane and Blank 
(33) suggested that irritation may be due 
to either alkalinity or the ability of these 
substances to penetrate the skin, or a combi- 
nation of these factors. Roy and Blank 
(34) obtained a high percentage of positive 
patch tests to triethanolamine soaps, but 
expressed doubt that alkalinity was the sole 
cause. 

Obviously, the factor of irritation is im- 
portant in the selection of materials for 
ointment bases. Although the series of 
surface-active agents employed is small, the 
results of the present work suggest certain 
correlations between surface activity and 
cutaneous irritation which may be of value 


in the selection of such agents for use on 
the skin. 

Data obtained as the result of irritation 
tests on human skin would seem to preclude 
alkalinity, per se, as the cause of cutaneous 
irritation from surface-active agents. Two 
such substances, Trigamine Stearate and 
glyceryl laurate, were found to have pH 
values of 8.4 and 8.5-8.7, respectively, when 
measured in 5% aqueous dispersions. How- 
ever, patch tests on human beings showed 
only the former to be irritating. Further- 
more, SHCO, the Carbowaxes, Tween 60, 
and Cationic Agent D have pH values in 
aqueous preparations within a range of 5— 
7.5 which approximates that of the skin 
(17). The implication that such materials 
would not be irritating is not substantiated 
by the results obtained here on SHCO and 
Cationic Agent D. These two compounds 
were irritating while the Tween 60 and the 
Carbowaxes were nonirritating. Further 
doubt of the role of pH as the cause of cu- 
taneous irritation by such materials is found 
in a consideration of the results of the two 
substances tested which produce acid pH 
values (3-4) in aqueous preparation, Arlacel 
B and Triton K-60. The former was 
innocuous when applied to the skin while 
the latter was highly irritating. 

As shown by Duemling (31) surface-active 
agents possess the ability to penetrate the 
skin which Lane and Blank (33) have sug- 
gested as a possible cause ot cutaneous 
irritation. Actually in this series only the 
ionic surface-active agents, Trigamine Stear- 
ate, SHCO, Cationic Agent D, and Triton 
K-60 were irritating to human skin; while 
the nonionic surface-active agents, the 
Carbowaxes, glyceryl laurate, Tween 60, 
and Arlacel B, were nonirritating. Examin- 
ation of the chemical structure of these 
substances in view of these results suggests 
an interesting observation on the correlation 
of ionic character with a high degree of 
surface activity and irritation. The structure 
of each of the irritating surface-active 
agents employed, Trigamine Stearate, 
SHCO, Cationic Agent D, and Triton K-60, 
indicates potential dissociation in aqueous 
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media. On the other hand, the nonionic 
materials, the Carbowaxes, glyceryl laurate, 
Tween 60, and Arlacel B were nonirritating. 

The results derived from this study in- 
dicate that the ionic character of a surface- 
active agent is more important in the pre- 


diction of potential irritation than is its 
pH value. 

This would lead to the conclusion that non- 
ionic surface-active agents are preferable 
for use as major components of ointment 
vehicles. 


SUMMARY 


1. Nine surface-active substances, con- 
ditional formulas for which are given, were 
selected for possible use as major com- 
ponents of hydrophilic ointment bases. 

2. All nine materials were tested for 
irritant properties in rabbits and human 
beings. 


3. Three of the above which were found 
to be nonirritating were shown to have little 
or no effect on the process of wound repair 
in rabbits. 

4. A correlation has been suggested 
between the ionic character of surface-active 
agents and their possible irritant action. 
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WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and Dear- 
born Streets, Chicago, IIl., seeks information on sources of supply for the following chemicals: 


Di-(5-chloro-2-hydroxyphenyl-) methane 
9-Phenyl-5,6-benzo-isoalloxazine 
Strychnidine 

Hirudin 

Benzanthrone 

1-Nitro-8-naphthalene sulfonic acid 
7-Amino-1-naphthol-3,6-disulfonic acid 
2-Mercaptohistidine 

Vinyl isobutyl ether 

Bromelin (200 to 500 Ib. per mo.) 


Cathepsin (200 to 500 Ib. per mo.) 
Micromonosporin 

Abrine 

Methyl glyoxal 

Pyocyanin 

l-Hydroxyproline 

dl-Proline 

dl-Hydroxyproline 
2,3-Dimercapto propanol 

Ethylene thiourea 
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The Beta-Hydroxy and Beta-Halo Ethyl 
3- and 4-Nitro Phthalimides* 


By TAITO O. SOINEt 


Two series of N-substituted nitro phthai- 
imides, the 3-nitro and 4-nitro series, have 
been prepared by convenient procedures. 
The 8-hydroxy ethyl 3- and 4-nitro phthal- 
imides were prepared from 3-nitro phthalic 
anhydride and 4-nitro phthalimide, respec- 
tively, by interaction with monoethanolamine. 
The 8-chloro ethyl 3- or 4-nitro phthalimides 
were prepared from the corresponding 3- 
hydroxy compounds by interaction with 
either phosphorus pentachloride or thionyl 
chloride. The 8-bromo ethyl 3- and 4-nitro 
phthalimides were obtained by treating the 
corresponding 38-hydroxy compounds with 
phosphorus tribromide. The §8-iodo ethyl 
3- and 4-nitro phthalimides were prepared by 
treating the corresponding 8-bromo com- 
pounds with sodium iodide in acetone. All 
of the compounds are new with the exception 
of 8-bromo ethyl 3-nitro phthalimide. 


fe to the publication of a recent patent 
(1), this laboratory has discontinued a re- 
search project aimed at preparing a series of 
local anesthetics with the general formula: 


R 
R. 


However, methods had been developed 
for the preparation of some of the inter- 
mediates, namely the 6-hydroxy ethyl 3- 
and 4-nitro phthalimides, and the cor- 
responding 8-halo compounds of both series. 
It was deemed advisable to report the com- 
pounds and their methods of preparation 
because only one (2) has been described 
in the literature. 

The method used is an adaptation of that 
reported by the author (3) for the preparation 
of 8-bromoethylphthalimide. Essentially, 
the method involves the initial preparation 
of the 8-hydroxy ethyl 3- or 4-nitro phthal- 
imide by interaction of monoethanolamine 
with either the anhydride or the imide of 


* Received May 19, 1945, from the Department of Phar- 
maceutical Chemistry, College of Pharmacy, University of 
Minnesota, Minneapolis, Minn. 

t Assistant Professor of Pharmaceutical Chemistry, Uni- 
versity of Minnesota. 


R = any alkyl. 
NH isin either the 3 or 4 position. 


the nitrophthalic acid. The 8-chloro com- 
pounds are obtained by reacting the £- 
hydroxy compound with thionyl chloride or 
phosphorus pentachloride. To obtain the 8- 
bromo compound, the 8-hydroxy compound 
is treated with phosphorus tribromide. 
The 8-iodo compound is easily obtained 
from the 8-bromo compound by treating it 
with an equivalent amount of sodium iodide 
in acetone. 


EXPERIMENTAL 


8-Hydroxy Ethyl 3-Nitro Phthalimide.—One 
hundred grams of 3-nitro phthalic anhydride, 30 cc. 
of monoethanolamine and 750 cc. of toluene were 
placed in a 2-L. round-bottom flask fitted for re- 
fluxing, and having a water trap in the system (a 
volatile oil trap such as is used for determining oils 
heavier than water (4) makes an ideal trap when 
fitted with a Liebig condenser). The mixture was 
refluxed on a hot plate for two hours during which 
time 10.5 cc. of water had been collected from the 
trap, and the reaction mixture was clear. The clear 
solution, when poured out and cooled with stirring, 
yielded 113.5 Gm. of crystalline material, m. p. 
88-90° C. This material was suitable for prepar- 
ing either the 8-chloro or 8-bromo compounds with- 
out further purification. However, 20 Gm. of the 
crude material was dissolved 
in 400 cc. of boiling dis- 
tilled water containing 2 
Gm. of decolorizing carbon 
(Norit), refluxed for ten 
minutes, and filtered. When 
the filtrate was cooled 15 Gm. 
of lemon-yellow crystals were 
obtained, m. p. 92-95°. 
The compound was recrys- 
tallized until a constant melting point of 93-95° 
was obtained. 

Anai.—Calcd. for CywHsN20s: 
Found: C, 50.6; H,3.5. 

8-Chloro Ethyl 3-Nitro Phthalimide.—Ten grams 
of 8-hydroxy ethyl 3-nitro phthalimide and 10 Gm. 
of phosphorus pentachloride were mixed in a 100- 
ec. round-bottom flask equipped with an air con- 
denser having a ground-glass joint, and the mix- 
ture was heated on a steam bath in a hood for fifteen 
minutes. The reaction mixture was poured on 200 
Gm. of cracked ice with stirring, and allowed to 
stand for eight hours. Tie solid material was then 
filtered off, dried, and found to weigh 10.4 Gm. 
This material was dissolved in 100 cc. of alcohol, 
refluxed with 1 Gm. of decolorizing carbon, and fil- 
tered. The filtrate deposited 6.5 Gm. of lemon- 
yellow crystals, m. p. 108-112°. The compound was 
recrystallized until a constant melting point of 110- 
112° was obtained.! 

Anal.—Caled. for CioH;N2O,Cl: 
2.8. Found: C, 47.3; H, 3.1. 


C, 50.9; H, 3.4. 


C, 47.2; H, 


1 It was noticed that the product made with thiony! 
chloride was much more difficult to purify than the one 
made with phosphorus pentachloride. 


| 
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8-Bromo Ethyl 3-Nitro Phthalimide.—One hun- 
dred grams of 8-hydroxy ethyl 3-nitro phthalimide 
was treated in a hood with 30 cc. of phosphorus 
tribromide. The reaction was carried out in a 
500-ce. round-bottom flask equipped with a con- 
denser having a ground-glass joint. The mixture 
was heated for two hours when it was poured into 
200 Gm. of cracked ice. After standing for eight 
hours, the solid reaction product was filtered off, 
dried, and found to weigh 105 Gm. The dried mate- 
rial was dissolved in a boiling mixture of 500 cc. 
glacial acetic acid and 300 cc. distilled water. Two 
grams of decolorizing carbon was added to the solu- 
tion, the mixture refluxed for fifteen minutes, and 
then filtered. The filtrate, when cooled, deposited 
76 Gm. of yellow crystals which were filtered off, 
washed with cold 36% acetic acid, and dried; m. p. 
112-113°. The compound was recrystallized until a 
constant melting point of 114-115° resulted. 

Anal.—Caled. for CiH;N20,Br: C, 40.2; H, 
2.4. Found: C, 40.6; H, 2.7. 

6-Iodo Ethyl 3-Nitro Phthalimide.— Fifteen grams 
of 8-bromo ethyl 3-nitro phthalimide was dis- 
solved in 150 cc. of acetone in a 500-cc. round-bottom 
flask fitted with a Liebig condenser. To this solu- 
tion was added 7.5 Gm. of sodium iodide, and the 
mixture refluxed for five hours. The reaction mix- 
ture was then cooled and filtered. The filtrate, 
when evaporated to dryness, yielded 17.7 Gm. of 
crystalline material. When this was recrystallized 
from a mixture of 265 cc. alcohol and 133 cc. of 
distilled water, a yield of 15.7 Gm. of yellow needles 
was obtained, m. p. 112-117°. The compound was 
recrysiallized until a constant melting point of 115- 
117° was obtained. 

Anal.—Caled. for CijH;N,OiI: C, 34.7; H, 2.0. 
Found: C, 35.2; H, 2.4. 

8-Hydroxy Ethyl 4-Nitro Phthalimide.—One 
hundred grams of 4-nitro phthalimide, 31 cc. of 
monoethanolamine, and 500 cc. of toluene were 
placed in a liter flask, and refluxed under a hood for 
two hours or until a clear solution resulted. The 
reaction mixture was poured into a beaker and 
cooled with stirring to give 93.5 Gm. of small yel- 
lowish-white crystals, m. p. 115-120°. Further 
concentration of the mother liquor yielded 7 Gm. 
more material. This product was suitable for pre- 
paring the chloro- and bromo-compounds directly 
without further purification. Recrystallization of 
20 Gm. of the crude material from 300 cc. of boiling 
distilled water, using 2 Gm. of decolorizing carbon, 
yielded 15.5 Gm. of white crystals, m. p. 117-119°. 
The mother liquor, when concentrated to 30 cc., 
yielded 1 Gm. more of the material. The com- 
pound was recrystallized until a constant melting 
point of 120-121 ° was obtained. 

Anal.—Caled. for CyHsN20;: C, 50.9; H, 3.4. 
Found: C, 51.3; H, 3.8. 

8-Chloro Ethyl 4-Nitro Phthalimide.—Ten grams 
of 8-hydroxy ethyl 4-nitro phthalimide was placed 
in a 100-cc. round-bottom flask equipped with a 
condenser having a ground-glass connection. To 
this, in a hood, was added 10 cc. of thionyl chloride 
and the mixture refluxed for one-half hour. The 
reaction mixture was poured on 200 Gm. of cracked 


ice with stirring and allowed to stand until the ice 
melted. The solid residue was then filtered off, 
washed with cold water, and dried to give 10.2 Gm. 
of crude material. This material was dissolved in 
150 ec. of boiling alcohol, treated with 1 Gm. of de- 
eolorizing carbon, refluxed for ten minutes, and 
filtered. The filtrate, on cooling, deposited 9.2 Gm. 
of white needles, m. p. 113-116°. The compound was 
recrystallized until a constant melting point of 
115-116° was obtained. a 

Anal.—Caled. for CioH7N2Q,Cl: °C, 47.2; H, 
2.8. Found: C, 47.5, H, 3.1. 

8-Bromo Ethyl 4-Nitro Phthalimide.—One hun- 
dred grams of 8-hydroxy ethyl 4-nitro phthalimide 
was treated in a hood with 30 cc. of phosphorus 
tribromide. The reaction was carried out in a 1-L. 
flask equipped with a condenser having a ground- 
glass joint. The reaction mixture was heated on a 
steam bath for two hours, and then was poured 
into 200 Gm. of cracked ice with stirring. The re- 
action mixture was allowed to stand for four hours, 
and then the solid material was filtered off, and 
dried to give 101.6 Gm. of crude material. The 
crude product was dissolved in 1 L. of boiling 
alcohol, treated with 2 Gm. of decolorizing carbon, 
refluxed for ten minutes, and filtered. The filtrate 
deposited 60 Gm. of white crystals, m. p. 95-97°. 
The mother liquor yielded 20 Gm. more material 
when concentrated to 100 cc. The compound was 
recrystallized until a constant melting point of 
96-97 ° was obtained. 

Anal.—Caled. for C, 40.2; H, 
2.4. Found: C, 40.6; H, 2.7. 

8-Iodo Ethyl 4-Nitro Phthalimide.—Fifteen grams 
of 8-bromo ethyl 4-nitro phthalimide was dissolved 
in 150 cc. of acetone in a 500-cc. round-bottom 
flask equipped for refluxing. To this was added 
7.5 Gm. of sodium iodide, and the mixture was then 
refluxed for five hours. The reaction mixture was 
cooled, filtered, and the solvent removed from the 
filtrate by evaporation to give 17.2 Gm. of crude 
crystalline material. This was recrystallized from a 
iixture of 260 cc. of alcohol and 130 cc. of distilled 
water to give 15.2 Gm. of white crystals, m. p. 114- 
117°. The compound was recrystallized until a 
constant melting point of 115-117° was obtained. 

Anal.—Caled. for CjH;N:0O,I: C, 34.7; H, 2.0. 
Found: C, 35.0; H, 2.4 


SUMMARY 


1. Methods for the preparation of the 6- 
hydroxy and §-halo ethyl 3- and 4-nitro 
phthalimides have been described in detail. 

2. With the exception of 8-bromo ethyl 
3-nitro phthalimide, the compounds are new. 


REFERENCES 


(1) U.S. patent 2,343,198. 
(2) Sah, P. P. T., and Ma, S.-Y., Ber., 65B, 1630-33 
(1932). 


(3) Soine, Taito O., Tats JourNAL, 33, 141(1944). 
(4) “United States Pharmacopeia,’’ Twelfth revision, 
Mack Printing Co., Easton, Pa., 1942, p. 632. 


44 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Studies on the Local Anesthetic Properties 
of Isonipecaine* 


By E. LEONG WAY? 


Isonipecaine, an isonipecotic acid derivative (1-methyl-4-phenylpiperidine-4-car- 

boxylic acid ethyl ester hydrochloride), was found to possess considerable local 

anesthetic properties. In the discussion of the results, the structural relationships 

of isonipecaine are compared with those of atropine, cocaine, and morphine. Sug- 

gestions of a speculative nature are made which deal with its possible use against 

cardiac arrhythmias, and with possible methods for treating and preventing isoni- 
pecaine toxicity. 


Gace its introduction by Eisleb and 
Schaumann (1), the isonipecotic acid 
derivative, isonipecaine (ethyl ester of 1- 
methyl-4-phenylpiperidine-4-carboxylic acid 
hydrochloride), known also as demerol, 
dolantin, pethidine, eudolat, meperidine, 
etc., has proved to be a valuable therapeutic 
agent. Pharmacological studies thus far 
reported on the compound (1-5), indicate 
that it possesses a wide range in activity, 
being analgetic, spasmolytic, and sedative. 

During the investigation of some of the 
effects of isonipecaine, it was noted that the 
compound produced pronounced corneal 
anesthesia when applied to the rabbit eye. 
Although isonipecaine has been reported to 
abolish the corneal reflex (2, 6), the effect 
was produced after systemic administration. 
The action we obtained was essentially a 
local one, and was not due to -the central 
actions of isonipecaine. 

In 1940 Schaumann (2) observed that iso- 
nipecaine produced a slight anesthetic effect 
on the mucous membrane of the mouth. He 
apparently considered this local effect to be 
insignificant because when he instilled 1 per 
cent isonipecaine into the cat eye, he noted 
only slight midriasis and did not test for 
corneal anesthesia. Also, after he observed 
that isonipecaine intravenously potentiated 
the local effects of procaine on the rabbit 
eye, he did not investigate the possibility 
that isonipecaine locally might produce 
corneal anesthesia. 

° Received Juné 15, 1945, from the Dept. of Pharmacology 
and Experimental Therapeutics, The George Washington 
University School of Medicine, Washington, D. C 

+t Acknowledgment is made for the advice of my colleagues, 
Prof. G. B. Roth, E. William Ligon, Jr., E. C. Albritton, and 
C. D. Leake, and for the technical assistance of Mr. R. Swan- 
son. The sample of isonipecaine was furnished by the Win- 


throp Chemical Co. through their former Research Director, 
Dr. O. W. Barlow. 


It seemed desirable, therefore, to study 
the local anesthetic properties of isonipecaine 
more fully. This paper is a more detailed 
report of a recent preliminary publication 
(7). 


tX PERIMENTAL 


The local auesthetic effect was studied by the 
usual methods using the rabbit cornea, frog sciatic, 
and human skin. 

A. Duration of Anesthesia in Rabbits.—-Three 
separate determinations measuring duration of 
corneal anesthesia were made on nine rabbits using 
Rider's (8) modification of the Schmitz and Loeven- 
hart (9) method. Rest periods allowing at least 
forty-eight hours between applications were em- 
ployed. Cocaine 1%, isonipecaine 1° (4 rabbits 
only), 2.5°) and 4.0° in distilled water were indi- 
vidually instilled into a pocket made by pinching 
the lower lid of the eye. The solutions were kept in 
contact with the cornea for one minute, and the ex- 
cess was then removed by gentle compression. Dura- 
tion of anesthesia was measured by noting the time 
required for reappearance of the corneal reflex when 
the eye was touched lightly with a blunt probe. 

B. Sciatic Block in Frogs.—A total of 167 de- 
terminations were made on frogs ( Rana pipiens) 
using the Rider (8) method. After pithing the brain 
and allowing for a recovery period of fifteen to thirty 
minutes, the sciatic nerves were exposed for their 
entire course in the body cavity. The cavity was 
then filled with the anesthetic solution (1°7 cocaine, 
1% isonipecaine, or 2.5% isonipecaine), and the 
elapsed time between the application of the anesthe- 
tic solution and the failure of both sensory and 
motor responses was determined separately on both 
legs. Disappearance of the withdrawal reflex upon 
pinching a foot with a mouse-tooth forceps was taken 
as the criterion for the completion of sensory anes- 
thesia ; disappearance of extension response upon elec- 
trical stimulation (single break shock) for complete 
motor anesthesia. 

C. Human Intradermal Wheal Anesthesia. 
The minimal anesthetic dose of isonipecaine was 
determined by injecting intradermally into the 
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flexor surface of the forearm of seven subjects, 0.25 
ec. of varying dilutions of the compound in 0.85% 
saline and then noting the miriimum concentration 
which caused the loss of sensation to gentle pin 
pricks. Comparative effecis were made on one in- 
dividual, using 1% isonipecaine and 1% cocaine. 
Four intradermal injections of each compound were 
made in both forearms and the duration of anesthesia 
of each injection determined. 


RESULTS 


The results are summarized in Tables I, II, and 
Ill. 


TABLE I..-ANESTHESIA OF RABBIT CORNEA WITH 
COCAINE AND ISONIPECAINE 
No. of Av. 
Deter- Duration 
mina- of Anes- Standard Calcu- 


Drug tions thesia, Error lated P¢ 
min 
1% cocaine 27 31.1 1.94 shiny 
1% isonipecaine® 16 18.7 1.50 <0.01 
2.5% isonipecaine 22 24.5 2.55 <0.05 
4.0% isonipecaine 22 34.3 3.354 <0.5 


tistical Methods for Research Workers,” by R. A. Fisher. 
6 Determinations on four rabbits only of the same group. 


From Table I it can be ascertained that, with dur- 
ation of corneal anesthesia as the criterion for evalu- 
ation, isonipecaine, 1°), is about ®/ 9 as active as an 
equivalent concentration of cocaine. A concentra- 
tion of isonipecaine approximating two and one-half 
to four times that of cocaine is necessary to produce 
the same duration of anesthesia. Of the two com- 
pounds, isonipecaine appeared to be more irritating. 
This was evidenced by the fact that the rabbits kept 
their eyes closed for about five minutes after the 
instillation of isonipecaine dissolved either in dis- 
tilled water or O.85°; NaCl. In addition, there was 
considerable congestion of the conjunctiva. Neither 
of these two latter observations was noted when co- 
caine was employed. 

The local anesthetic properties of isonipecaine 
were also demonstrable in other animals, corneal 
anesthesia being produced in two dogs and two cats 
when 1°; isonipecaine was topically applied. 

Table II indicates that isonipecaine is slightly 
weaker than cocaine for producing sciatic block in 
frogs. There is no significant difference between the 


two compounds for blocking sensory response al- - 


though isonipecaine appears to be slightly weaker 
than cocaine. However, for motor paralysis the 
results are significantly different, 1°, isonipecaine 
being about */\»9 as active as 1°; cocaine. Control 
studies using varying concentrations of saline up to 
2.5°, did not produce sensory or motor block within 
thirty minutes, whereas subsequent applications of 
1% isonipecaine produced motor block in sixteen 
and one-haif minutes. 

Table III shows that on the human skin, 1° iso- 


nipecaine produces about 7/, the duration of anes- 
thesia as 1% cocaine. The minimal anesthetic con- 
centration, as determined from seven individuals, 
was found to be approximately 0.05%. A stinging 
sensation was felt by all the individuals as the isoni- 
pecaine was injected. Within three minutes the site 
of injection became edematous, frequently with 
pseudopodia-like projections, as if following lymph 
channels. Erythema surrounded the wheals, and 
four individuals experienced an indefinite area of 
itching in the arm receiving the isonipecaine. ‘The 
anesthesia was followed by a brief period of hyper- 
esthesia. 


TABLE II.—-FroG Sciatic BLock witH COCAINE 


No. of 


Deter- Onset of 
mina- Block, Standard Calcu- 
Drug tions Min. Error lated P@ 
Sensory 
1° cocaine 34 2.51 0.20 ie 
1% isonipecaine 32 2.64 0.20 <0.7 
2.5% isonipecaine 20 1.73 0.23 <0.02 
Motor 
1°), cocaine 26 13.20 0.59 438 
isonipecaine 34 16.97 0.64 <0.01 
isonipecaine 21 9.95 0.66 <0.01 


* Considered significant if P = 0.05 or less. From “Sta- 
tistical Methods for Research Workers,”’ by R. A. Fisher. 


TABLE III._-INTRADERMAL WHEAL ANESTHESIA 
WITH COCAINE AND ISONIPECAINE 


mina- Anesthe- Standard Calcu- 


Drug tions sia, Min. Error lated 
1°, cocaine 78 2.29 
1°) isonipecaine 8 57 3.10 <0.01 


@ Considered significant if P = 0.05 or less. From “Statis- 
tical Methods for Research Workers,”’ by R. A. Fisher. 


DISCUSSION 


When Eisleb and Schaumann (1, 2) first 
prepared a series of isonipecotic acid (4- 
piperidinecarboxylic acid) derivatives, they 
were of the opinion that the compounds 
would exhibit spasmolytic properties because 
they possess certain structural similarities 
to atropine, as shown in their Fig. 1. Their 
reasoning was based on the analogy that the 
preparation of derivatives related to cocaine 
(Fig. 1) and tropacocaine, which closely re- 
semble atropine, had yielded numerous 
agents with local anesthetic properties. 
Their investigations culminated in the selec- 
tion of isonipecaine, 1-methyl-4-phenyl- 
piperidine-4-carboxylic acid ethyl ester hy- 
drochloride, as the most nearly ideal spas- 
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molytic agent of their series. In addition, 
they found that isonipecaine also possessed 
marked analgetic properties. They corre- 
lated these findings by pointing out that 
isonipecaine also has structural resemblances 
to morphine (Fig. 1). This is more readily 
seen if the commonly accepted structure for 
the latter compound is rearranged to empha- 
size the piperidine ring present in its struc- 
ture. 

Although cocaine and atropine have com- 
mon structural relationships cocaine is not 
generally considered to be spasmolytic, and 
atropine is not considered to be an efficient 
local anesthetic, since it dulls rather than 
paralyzes sensory nerve endings. Inasmuch 
as isonipecaine resembles cocaine or tropa- 
cocaine about as much as it resembles atro- 
pine or morphine, from a biochemorphic 
standpoint, it should not be too surprising 
that isonipecaine should produce local anes- 
thesia as well as spasmolysis and general 
analgesia. In fact, as Yonkman has pointed 
out (5), the carboxylic acid modification of 
isonipecaine was of interest because of its 
local anesthetic potentialities. Further sup- 
port of our findings comes from the knowl- 
edge that many local anesthetic compounds, 
like isonipecaine, contain the piperidine 
nucleus, e.g., metycaine, diothane, a-eu- 
caine, §-eucaine, etc. Moreover, many 
compounds which are antispasmodic are 
also known to possess local anesthetic (10- 
12) properties. Also, Lehman and Knoefel 
(10) have reported that local anesthesia is 
related closely to musculotropic action. 
Since isonipecaine is considered to be mus- 
culotropic, as well as neurotropic (1-3) our 
findings are in accord with Lehman's and 
Knoefel’s statements. 

Duguid and Heathcote (3) have shown 
that isonipecaine is a relatively weak proto- 
plasmic poison, which is suggestive, there- 


fore, that isonipecaine acts as a local anes- © 


thetic essentially through a selective effect 
on peripheral nervous tissue rather than as a 
general protoplasmic poison like quinine. 
Although isonipecaine and morphine are 
used in the clinic chiefly for their analgetic 
effect, the two compounds differ in their 
other actions in many ways. In addition to 
being spasmolytic, our findings indicate that 


isonipecaine also is a local anesthetic, 
whereas morphine is generally considered 
to possess neither of the latter two proper- 
ties. It may be of interest to add at this 
point that cocaine and procaine both have 
been reported to possess general analgetic 
properties in addition to their well-known 
local anesthetic actions (13-15). 

The fact that isonipecaine is somewhat ir- 
ritating precludes its therapeutic usage as a 
local anesthetic. Safer and more efficient 
agents are already available for this purpose. 
However, the fact that isonipecaine is a local 
anesthetic suggests that the compound may 
have practical applications previously not 
realized. Lately, investigators have been 
studying the cardiac effects of local anes- 
thetics (16-19). According to their reports 
the irritability of the heart is depressed by 
certain local anesthetics. Consequently, 
there is a decreased tendency for disturb- 
ances in cardiac rhythm, such as extrasys- 
toles (16, 17), auricular (19) or ventricular 
fibrillation (18). The information at hand 
on the cardiac effects of isonipecaine favors 
the likelihood that the compound may pos- 
sibly act in the same manner. Like others 
(2, 3, 20) we have found that isonipecaine 
depresses the heart. In addition, our pre- 
liminary findings indicate that it is capable 
of stopping experimental auricular fibrilla- 
tion and also of raising the threshold for the 
production of premature systoles (20). 

It should be pointed out that isonipecaine 
has already been employed successfully in 
the clinic for preanesthetic medication. Ro- 
venstine and Batterman (25) have indicated 
that it possesses certain advantages over 
morphine, such as: less respiratory depres- 
sion, fewer unfavorable side effects like 
nausea and vertigo, and greater effectiveness 
in drying secretions. Also, Himmelsbach 
(26, 27) has reported that physical depend- 
ency for isonipecaine, upon prolonged use, is 
less than that for morphine. However, 
he added that the presence of abstinence 
symptons in individuals when isonipecaine 
is withdrawn indicates that the compound 
is not without addiction liability. Further 
justification for the preanesthetic use of iso- 
nipecaine may develop should it prove useful 
in preventing cardiac disturbances when 
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chloroform or cyclopropane is used in anes- 
thesia. Although these facts have not been 
established, indications for such studies arise 
from the fact that cocaine (21) and procaine 
systemically (22-24) have been reported to 
decrease the incidence of ventricular fibrilla- 
tion during chloroform and cyclopropane 
anesthesia. 

A comparison of the toxic symptoms pro- 
duced by isonipecaine with those of cocaine, 
atropine, and morphine reveals that isonipe- 
caine least resembles morphine. To a cer- 
tain extent it may resemble the central ex- 
citement stage of atropine poisoning, but es- 
sentially the chief toxic symptoms of iso- 
nipecaine overdosage are quitesimilarto those 
of cocaine overdosage. These symptoms are 
referable to the central nervous system, con- 
sisting of restlessness and tremors which may 


proceed to clonic convulsions. Death is 
usually due to respiratory arrest during a 
convulsive seizure or during depression fol- 
lowing overstimulation. In the event of iso- 
nipecaine poisoning, therefore, it would seem 
logical to try to treat or prevent the over- 
dosage with agents similar to those used in 
cases of local anesthetic toxicity. For such 
purposes Tatum and others (28-30) have in- 
dicated that the barbiturates are the prefer- 
able agents to employ. Not only are the 
barbiturates effective in arresting the con 
vulsions resulting from an overdose of a local 
anesthetic, but if administered prophylac- 
tically, the minimum fatal dose of the local 
anesthetic is increased three or four times. 
Preliminary work performed indicates that 
the barbiturates act likewise when toxic 
doses of isonipecaine are administered (31). 


SUMMARY 


1. The isonipecotic acid derivative, iso- 
nipecaine (1-methyl-4-phenylpiperidine-4- 
carboxylic acid ethyl ester hydrochloride), 
has been found to possess considerable local 
anesthetic properties. 

2. When compared with cocaine by the 


usual methods using the rabbit cornea, frog 
sciatic, or the intradermal wheal in man, 
isonipecaine was found to be approximately 
7/19 as effective as cocaine. 

3. The results support general = 
chemorphic considerations. 
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Erythrina Alkaloids. 


XV. A Colorimetric 


Determination of Beta-Erythroidine* 


By EMMA M. DIETZ*t and KARL FOLKERS? 


A colorimetric procedure has been de- 

vised for the assay of 8-erythroidine. 
It involves the development of a purple 
color which is assayed by means of a photo- 
electric colorimeter. This assay is of in- 
ferest in connection with the need for meth- 
ods to determine 8-erythroidine and similar 
substances in body fluids in the investiga- 
tion of biological problems. Methods for 
determining the content of chemotherapeu- 
tic agents in body fluids are of increasing 
importance to clinical evaluation of new 
drugs. This assay is of further interest in 
regard to the identification and determina- 
tion of 8-erythroidine in chemical prob- 
lems. 


8-Erythroidine is an alkaloid of curare- 
like physiological action which was isolated 
from various species of Erythrina (1). It 
has been studied pharmacologically (2, 3) 
and clinically for the symptomatic relief of 
spastic and dystonic states (4, 5) and in the 
mitigation of the severity of the therapeutic 
metrazol convulsion (6-9). 

A bioassay method for determining Fry- 
thrina alkaloids has been described (10), 
but it has not been made, and probably can- 
not be made, specific for §-erythroidine. 
All the Erythrina alkaloids isolated so far, 
with the exception of hypaphorine (11), 
possess curare-like activity (12). 

During the structural studies, it was 
found that 8-erythroidine in strong sulfuric 
acid solutions was transformed into a deg- 
radation product, CisHjNO., which was 
designated apo-8-erythroidine and will be 
described elsewhere. Solutions of this prod- 
uct gave an intense purple color with ferric 
chloride solution. These reactions were 
elaborated into a colorithetric assay pro- 
cedure for 8-erythroidine. 

" * Received Aug. 8, 1945, from the Dept. of Chemistry, 
Connecticut College, New London, Conn., and the Research 
Laboratories, Merck and Co., Rahway, N. 

t Present address: Bernard College, Columbia Univer- 

sity, New York City. 


The authors are indebted to Dr. T. J. Webb for his ad- 
vice during the course of this investigation. 


EXPERIMENTAL 


Procedure.—-A standard solution was prepared 
by dissolving 12 mg. of 8-erythroidine hydrochloride 
in 100 ml. of water. To 5 ml. of this solution (repre. 
senting 0.6 mg. of alkaloid) contained in a 50-ml. 
volumetric flask, 15 ml. of sulfuric acid (two volumes 
of concentrated sulfuric acid added to one volume 
of water) was slowly added from a pipette. The 
stoppered flask was suspended in a large oil bath at 
115° for one hour. (A 4-L. beaker heated on an 
electric hot plate may be used.) After addition of 
0.3 ml. of 10% ferric chloride solution (10 Gm, 
FeCl,;-6H,O in 100 ml. of water), the mixture was 
shaken and heated eight minutes longer at 115° to 
develop the color. The clear purple solution was 
cooled and diluted to 50 ml. with 40°) sulfuric acid 
(two volumes of concentrated sulfuric acid added to 
three volumes of water). 

Each sample was determined in triplicate, and a 
blank mixture containing the reagents only was 
treated in the same way and used to set the zero 
point of the colorimeter. Readings were made ona 
Klett-Summerson photoelectric colorimeter, using 
the small test tubes (inside diameter, 15 mm.) and 
the green filter (No. 54, absorption maximum 539 
my). Duplicate determinations checked within 3% 
and were of the order of 340 scale divisions. 

Slight differences in temperature during the heat- 
ing period caused the absolute color so developed to 
vary by 5%; but by running the standard solu- 
tion along with each series of unknowns, fairly ac- 
curate comparisons were possible. The color test 
solutions did not fade during twenty-four hours at 
room temperature. When they were diluted with 
40% sulfuric acid, their absorptions were found to 
follow the Beer-Lambert law, i.e., scale readings were 
proportional to concentrations over a wide range. It 
is important that unknown solutions should be pre- 
pared of such concentration that the final color de- 
veloped is within +30°) of that of the standard, 
since very dilute solutions had absorption values 
which were 10% low. 

Figure 1 shows the absorption curve of a color 
test solution of 8-erythroidine as determined witha 
Bausch and Lomb spectrophotometer. Measure- 
ments were made in a l-cm. cell on a solution repre- 
senting 0.019 mg./ml. of 8-erythroidine hydro- 
chloride. There is a single sharp maximum at 530 
my which corresponds closely with the maximum at 
539 my obtained with the green filter used with the 
Klett-Summerson colorimeter. 

A number of other Erythrina alkaloids were sub- 
jected to the test for comparison with 8-erythroidine 
and the data are summarized in Table I. Some of 
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TABLE I.—DaATA FOR ERYTHRINA ALKALOIDS 


Filter No. 54——. 


FeCls FeCl: 
Compound? Addn. Addn. Diff. 
g-Erythroidine hydro- 3 345° 342 
chloride CisHigNOs. - 
HCl 
Dihydro §-erythroidine 1 
hydrobromide 


HBr 


Erysopine NO; 13.5 100 86.5 

Erythraline hydroio- 30 69 39 
dide CisHisNO3-HI 

Erythratine hemihy- 42 85 43, 
drate CisH2: NOy- H,O 

Erysodine CisHa NO; 11.5 99° 87.5 

Erysovine CisHa, NO; 8.5 89¢ 80.5 


Average Colorimeter Readi 


-—Red Filter No. 66——. ———Blue Filter No. 42———~ 


Before fter Before After 
FeCl: FeCls FeCl FeCls 
Addn Addn. ff Addn Addn. Diff. 
1 12 11 2 57.5 55.5 
1 —4 
i) 46 37 46 118 72 
15 30 15 68 90 22 
15 30 15 84 134 50 
7.5 57.5 50 52 125 73 
9 43 43 5 151 146 


® The original solutions were prepared by dissolving 12.0 mg. of the alkaloid in 1 ml. of 6 N sulfuric acid and diluting with 


water to 100 ml. 


+ When 8-erythroidine was present alone, this was the only reading necessary. The absorption before the addition of ferric 
chloride was negligible, and its measurement was therefore omitted. 


¢ A green rather than purple color was observed. 


8 


8 


J 


430 470 510 550 590 


Extinction (log Io/I) 
° ° 
3 


Wave length, mu 
Fig. 1 Absorption curve of color test solution of 
8-Erythroidine hydrochloride 


(a) Direct scale readings on the Bausch and Lomb 
spectrophotometer, using a I cm. cell and a solution 
representing 0.019 mg./ml. of 8-Erythroidine hydro- 
chloride (molecular weight 309.8). 


the solutions of other alkaloids developed slight color 
on heating. The addition of ferric chloride usually 
intensified this color. Colorimeter readings were 
made on all of the solutions using three filters with 
maxima in different parts of the spectrum. 


DISCUSSION 


As shown by the data in Table I, this colorimetric 
assay distinguishes readily between 8-erythroidine 
hydrochloride and its dihydro derivative as the as- 
say is completely negative for the latter. 

In order to test the specificity of this color assay, 
five other Erythrina alkaloids were examined, eryso- 
dine, erysovine, and erysopine representative of the 
“liberated’’ alkaloids (13) and erythraline and ery- 
thratine representative of other “free” alkaloids 
(14). When the same test is applied to these five 
alkaloids, they develop varying amounts of brown, 
light-absorbing substances during the heating period 
(columns 2, 5, and 8 in the table). The absorption 
and color are increased after heating for ten minutes 


with ferric chloride (columns 3, 6, and 9). However, 
the maximum absorption shown by any of them in 
the range of the green filter is only one-fourth that 
of 8-erythroidine hydrochloride. Therefore a 10% 
contamination with any of these alkaloids will result 
in an error of only +3°% in a given determination of 
erythroidine using the green filter. 


SUMMARY 


A photoelectric colorimetric assay method 
has been devised for the determination of - 
erythroidine. 

Dihydro-8-erythroidine does not react 
in this determination. Two other represen- 
tative ‘“‘free’’ Erythrina alkaloids (erythral- 
ine and erythratine) and three representa- 
tive “‘liberated’’ Erythrina alkaloids (eryso- 
dine, erysopine, and erysovine) gave faintly 
colored compounds when assayed similarly. 
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A Contribution to the Chemistry 


and Pharmacology 


of Glycolanilide* 


By HARRY K. IWAMOTO and deCAMP FARSON?t 


Glycolanilide was prepared and its structure 

verified. Acute and chronic toxicity, blood 

pressure, electrocardiographic, and clinical 

studies of the compound are reported. It 

produces methemoglobin and _ possesses 
limited value as an analgesic. 


N A study of compounds for possible 

analgesic properties, glycolanilide, the 
anilide of hydroxyacetic acid, was investi- 
gated. The replacement of one of the 
three a-hydrogens of the acetanilide mole- 
cule by a hydroxyl group may be expected 
to impart reduced toxicity and to possess 
the additional advantage of being more 
soluble than acetanilide. 

The synthesis of glycolanilide was first 
described by Norton and Tcherniak (1), 
and the melting points reported for the two 
forms they isolated were 92° and 108°. 
Other investigators, notably, Bischoff and 
Walden (2) and Langenbeck and Baehren 
(3), found the melting point to be 97°, 
Dimroth’s (4) product melted at 92°, and 
the compound used by Eckhardt which was 
prepared by Doebner (5) melted at 130°. 
Since the material used in this pharmaco- 
logic study melted sharply at 92°, it became 
necessary to establish definitely the chemi- 
cal structure of the glycolanilide melting 
at this temperature. 

Eckhardt (5) reported a series of clinical 
trials on human subjects and noted the 
product to he as active a febrifuge as aceto- 
phenetidin. It was further observed that 
his subjects developed blue-violet colora- 
tion of the lips, tongue, eyes, and palate. 


* Received Oct. 1, 1945, from the Dept. of Pharmacology, 
7 of Medicine, University of aryland, Baltimore, 
t The authors wish to express their appreciation to Dr. 
John C, Krantz, Jr., for the research impetus and continued 
interest; to the board of the Emerson Drug Company for 
the research grant for studies in analgesia; to Drs. James C. 
Munch (Temple University) and W. D. Paul (State Uni- 
versity of lowa, College of Medicine) for the collaborative 
blood-pressure investigations and the clinical observations 
noted in this report, respectively; to Dr. Walter H. Hartung 
for his suggestions and the generous loan of the catalytic 
hydrogenator; and to Dr. C. J. Warner for his technical 
assistance in the interpretation of the pathological data. 


Other than this study as an antipyretic, the 
pharmacology of the compound does not 
appear in any of the accessible literature. 


. 


EXPERIMENTAL 
Chemical Part 


The melting points determined in this Laboratory 
have been corrected. 

Glycolanilide.—Freshly distilled aniline, 46.5 
Gm. (0.5 mole), and finely comminuted glycolic 
acid, 38 Gm. (0.5 mole), obtained from Eastman 
Kodak Company, m. p. 76-78°, were heated to- 
gether on a steam bath for a total of twelve to 
twenty-four hours, at the end of which time a dark 
reddish fluid crystallized to a reddish brown crystal- 
line mass upon cooling. About 200 to 225 cc. of 
boiling water was added and heated to cause com- 
plete solution; the dark solution was decolorized 
with .the aid of activated charcoal, filtered, and 
allowed to crystallize. Several purifications were 
sometimes necessary to obtain a pure white product. 
Recrystallization from benzene or xylene produced 
fine microscopic needles. The yields of the purified 
substance, melting sharply at 92°, were 36 to 42 
Gm. (48 to 56%). The same product was also 
obtained by using glycolide in place of glycolic 
acid. 

Depending upon the concentration of the glycol- 
anilide in water, it was possible to alter the resultant 
crystalline forms. Higher concentrations (20 to 
25%) favored the yield of rhombic crystals with 
occasional clusters of fine needles; lower concen- 
trations (3 to 10°) precipitated predominantly 
prismatic needles, but frequently all three forms 
were simultaneously observed. In view of the 
various reported melting points, the prisms, needles, 
and the rhombi were mechanically separated under 
a magnifying glass by means of a pair of tweezers. 
Each form melted distinctly at 92°; respective 
mixed melting points indicated no depression. Re- 
peated fractional crystallization of the mother 
liquor produced only products melting at 92°. 

With the hope of determining (a) whether the 
compound contained water of crystallization or 
other extraneous matter, and also (/) whether it 
was possible to cause drifting of one melting point 
form into another by means of thermal treatment, 
a repurification and a prolonged refluxing with 
several organic solvents were made. (a) The glycol- 
anilide, which had been purified several times from 
hot water and which melted sharply at 92°, was re- 
crystallized from the following solvents: benzene 
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(fine, silky needles), xylene (long flat needles, also 
silky needles), ether (glistening, microscopic grains), 
and chloroform (microscopic grains or rhombi). 
The melting point for all of these products was 
92°; the respective melts, after having been allowed 
to solidify at room temperature for twelve to 
twenty-four hours, remelted promptly at 92°. 
(b) A sample of glycolanilide was heated gently for 
one and one-half to two hours at the refluxing 
temperature of two solvents. The solvents were 
chosen to represent a temperature above (xylene, 
b. p. 142°) and below (benzene, b. p. 80°) the 
melting point of the glycolanilide. After the pre- 
scribed length of reflux and subsequent cooling, the 
products obtained in both instances melted sharply 
at 92°. 

Anal.—Molecular weight was determined by the 
camphor melting-point depression method: glycol- 
anilide, 0.0147 Gm.; camphor, 0.1377 Gm.; m. p. 
of camphor, 178°; m. p. of mixture, 148°, 149°, 
150°, 150°, 150°, 151°, and 152°. Hence, found 
152; calculated for CsHsO.N, 151.16. 

Nitrogen was determined by a slight variant! of 
the Hengar (6) semimicro-Kjeldahl procedure. 
Found, 9.26 and 9.29%; calculated for CsHsO.N, 
9.27%. 

Acetylglycolanilide..-Anschutz and Bertram (7) 
first described this compound (m. p. 89-90°), which 
resulted from the treatment of acetylglycolyl 
chloride with aniline. Upon reacting acetic an- 
hydride and the glycolanilide (m. p. 97°) Langen- 
beck and Holscher (8) obtained a product melting 
at 90°. By pursuing in this Laboratory exactly 
the same procedure as the latter workers with acetic 
anhydride and glycolanilide (m. p. 92°), white 
crystals were isolated which melted sharply at 90°. 

w-Chloroacetanilide.—-The glycolanilide, 5 Gm. 
(0.033 mole), was refluxed for fifteen minutes on a 
steam bath with 5 cc. (ca. twofold mole excess) of 
thionyl chloride. The brown residue, after the 
removal of excess thionyl chloride, was heated on 
the steam bath for half an hour with 50 cc. of water; 
then cooled and filtered. The resulting precipitate 
was decolorized and recrystallized from 10% 
ethanol. A second recrystallization from hot 
water gave 2 Gm. (35%) of white flaky crystals 
melting sharply at 134-135°. Bischoff and Walden 
(2) obtained a product melting at, 133.5-134.5° 
when their glycolanilide (m. p. 97°) was treated 
with phosphorus trichloride. Dimroth (9) reported 
134-135°. Meyer (10) prepared a compound from 
aniline and chloroacetyl chloride melting at 134.5°. 
A mixed melting point of the product obtained by 
Meyer’s method of synthesis and the w-chloro- 
acetanilide derived. via thionyl chloride gave no 
depression. 


1 Hengar Company, Philadelphia, Pa. The Hengar tech- 
nique employs a selenized granule catalyst. Repeatedly 
made runs consistently produced values of 21 to 25% of 
the theoretical total; the inclusion of copper sulfate catalyst 
along with the selenized granule showed approximately two- 
to threefold improvement; the copper sulfate catalyst alone 
gave the correct analysis. 


p-Bromoglycolanilide._This material was syn- 
thesized by the following two methods: p-Bromo- 
aniline, 17.2 Gm. (0.1 mole), was heated with either 
glycolic acid, 7.6 Gm. (0.1 mole), or glycolide, 5.8 
Gm. (0.05 mole), on the steam bath for fifteen to 
twenty-four hours or until a crystalline mass was 
obtained. The crude residue was treated several 
times until colorless and recrystallized from 25% 
ethanol. White, fluffy crystals were obtained; 
the yield of the purified product melting at 179-180° 
was 7 Gm. (30%). 

The glycolanilide, 1.5 Gm. (0.01 mole), was dis- 
solved in 100 cc. of water and warmed to 60°. A 
total of 75 cc. of a saturated aqueous bromine 
solution was added in a slow stream with stirring; 
a prompt decolorization of bromine resulted with 
the formation of white glistening crystals. After 
one hour of reaction at 50 to 60° with intermittent 
shaking and cooling, the precipitate was removed; 
1.8 Gm. (78%) of a substance melting at 175° was 
obtained. One purification from hot water elevated 
the temperature to 179-180°. Dimroth (11) re- 
ported 180° for the same product which he obtained 
when 
acid was treated with water. 

A mixture of approximately equal quantities of 
the p-bromoglycolanilides as prepared above by 
the two methods melted distinctly at 179-80° show- 
ing no depression. 

Catalytic Reduction of »-Bromoglycolanilide.— 
Using the specially active, palladinized catalyst 
in the all-glass hydrogenator (12), 2.3 Gm. (0.01 
mole) of p-bromoglycolanilide, dissolved in 350 cc. 
of 50% ethanol, was reduced. The reduction was 
complete in twenty-five minutes, and approxi- 
mately 0.01 mole of hydrogen was taken up. A 
test portion of the filtrate was acid to litmus and 
gave a pale yellow precipitate with AgNO; (0.1 N) 
the remainder of tlie filtrate was evaporated to a 
volume of 20 to 25 cc. at room temperature under 
reduced pressure. The concentrate, made alkaline 
with dilute sodium hydroxide solution, was extracted 
several times with 10 cc. portions of benzene. The 
combined extracts were reduced in volume slowly 
over a steam bath, and on cooling, yielded white, 
microscopic needles melting at 92°. A mixture of 
this product and the original glycolanilide melted 
sharply at 92°. 


Pharmacological Part 


Acute Toxicity.—Studies on the acute toxicity 
of glycolanilide were made using both mice and 
rats. As the studies were concerned with acute 
toxicity, the mortality figures are based on the 
death of the animal within twenty-four hours after 
the administration of a known quantity of the 
substance. 

In all cases the glycolanilide was dissolved in water 
and administered by stomach tube. The dosage 
was calculated on a body-weight basis. The data 
obtained are plotted (Figs. 1 and 2). The approxi- 
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mate LD determined was 230 mg. per 100 Gm. 
of body weight for mice and 170 mg. per 100 Gm. 
of body weight for rats. 

At all the dosage-level studies the animals were 
depressed for at least one to two hours after ad- 
ministration of the material. After administration 
of the larger doses marked cyanosis was noted. 


Chronic Toxicity..-A chronic toxicity study was 
made on a 2.5-Kg. monkey. The animal was given 
0.5 Gm. of glycolanilide orally six days a week for 
five weeks. At the end of that period the animal 
was killed and pathological studies made of the 
kidney and liver; each appeared normal. During 
the time which the animal was receiving the material 
it exhibited no toxic symptomis. 


Intravenous Injections.—The effect of intraven- 
ous injections of aqueous solutions of glycolanilide 
on blood pressure was studied. The injections pro- 
duced a small but significant depressor response of 
short duration. Electrocardiograms taken imme- 
diately after the administration of the compound 
showed no abnormalities. The animals used in these 
studies were two 6-Kg. dogs and two 2.5-Kg. 
monkeys. The dogs were studied under ether 


240 260 2860 300 320 
Miligrams per 100 Groms of Body Weight 


2002 


Fig. 1-~—Numbers beside the stacks indicate 
the number of animals studied at the corresponding 
dosage level. 


SUMMARY 


The structure of the glycolanilide used 
in this investigation which invariably melted 
sharply at 92° C. (corr.) was determined 
chemically. 

The toxicity, acute and chronic, blood 
pressure, electrocardiographic, and clinical 
studies of glycolanilide have been made. 
It was found to possess limited usefulness 
as an analgesic. It is a producer of methe- 
moglobin. 


anesthesia, while pentobarbital was used on the 
monkeys. 

Munch (13) confirmed our observations on the 
effect of glycolanilide on the blood pressure of dogs. 
He further found the lethal dose to be 800 mg. per 
Kg. for one dog and 700 mg. per Kg. for another 
when the substance was administered intravenously 
in aqueous solution. 

Analgesic Study.—Paul (14) studied the analgesic 
power of this compound. He gave 12 people in 
need of an analgesic drug 0.67 Gm. by mouth. He 
found the substance less effective than acetanilide, 
Moreover, he noted it was a strong producer of 
methemoglobin. The blood level of methemoglobin 
reached 5 Gm. per 100 cc. in some individuals re- 
ceiving 0.67 Gm. per day for several days. It is 
interesting to note that Eckhardt (5) discarded 
glycolanilide as a febrifuge because it caused cyano- 
sis. He cited one case in which an individual was 
markedly cyanotic for twenty hours after taking 1 
Gm. of glycolanilide orally. In view of Paul’s 
work and in concurrence with his opinion it was 
decided further clinical studies would be of no value 
as the compound showed no hope of clinical use- 
fulness as an analgesic. 


Taicty of Giycoiontide for Rats 


Miigrams per ©o Groms of Body Weight 


Fig. 2..-Numbers beside the stacks indicate the 
number of animals studied at the corresponding 
dosage level 
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A Drop-Counter for Saline Solutions® 


By THOMAS J. HALEY? and L. D. EDWARDS? 


A’ EFFICIENT drop-counter for the re- 

cording of results in the evaluation of 
vaso-constrictors, vaso-dilators, and di- 
uretics is a laboratory necessity. Such a 
counter should also provide a means for 
measuring volume flow. 

To meet the above needs, the following 
instrument was designed: An ordinary 8- 
volt bell transformer was mounted in a box 
6 x 3.x 4 inches and wired (see Fig. 1) so 
that there were leads to an electric marker 
and to two electrodes. These electrodes 


Qa 
T 
c 


Fig. 1.—T is an 8 volt bell transformer. 
a is the 110 volt line. 
b is the line to the marker. 
c is the line to the electrodes. 


* Received Oct. 20, 1945, from the School of Pharmacy, 
University of Florida, Gainesville, Fla. 

+ Graduate Assistant in Pharmacology, School of Phar- 
macy, University of Florida. 

t Professor of Pharmacology, Purdue University School of 
Pharmacy, Lafayette, Ind. 


were made of '/s-inch glass tubing carrying a 
sealed-in platinum wire. They were 
mounted in a double side-arm tube by means 
of rubber tubing. The side-arm tube was 
capable of holding 50 cc. of fluid (see Fig. 2) 


Fig. 2—A cannula dropping the solution on the 
electrode. 

B electrodes completing the circuit to the 
marker 
C 50 ce. container for collecting the fluid 
passing the electrodes. 
D clamp to retain the fluid in the con- 
tainer. 


and had a small piece of rubber tubing and 
a clamp at the lower end. When any fluid 
passed between the two electrodes, the cir- 
cuit was closed and a mark appeared on the 
kymograph paper. 

This instrument has been employed by 
the authors for over two years and in all 
cases has given accurate results. Further, 
as the fluid which passed the electrodes was 
collected, it gave an accurate record of the 
total volume flowing as well as the number 
of drops per unit time. 
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Properties of a New Mercurial Antiseptic, 
2-Acetoxymercuri-4-Diisobutylphenol* 


By BERNARD HEINEMANN and ERNEST W. BLANCHARD 


This new organic mercurial has been studied 
for its action as a topical antiseptic. The 
results show that this compound (designated 
“‘Merbak”’) possesses a high degree of bac- 
tericidal activity under conditions which 
tend to neutralize any bacteriostatic action. 
Its toxicity to both rats and chick embryos 
is low, and continued application in 1:1000 
tincture to human skin fails to show any 
irritation. 


AS PART of a general research problem, 

carried on in this Laboratory, several 
series of mercurial derivatives of organic 
compounds have been prepared and their 
antibacterial effects reported by Shukis and 
Tallman (1, 2). Heinemann (3) has re- 
cently described the antibacterial action of 
one series of mercurated aliphatic glycols. 
One member of a series of phenolic mer- 
curials prepared during the course of this 
study was particularly active and warranted 
a careful examination as to its antibacterial 
properties. This compound is 2-acetoxy- 
mercuri-4-diisobutylphenoi' and was pre- 
pared in our Laboratory from 4-diisobutyl- 
phenol* by the method outlined by Niederl 
and Shukis (4). The compound has the 
following structural formula: 


CH, CH, 
CH, CH,  HsOCOCH, 
EXPERIMENTAL 


Bactericidal Activity.—Since this compound is 
only slightly soluble in water, whenever bacterio- 
logical tests were to be made it was prepared as a 
tincture in 1:1000 concentration with 50% ethyl 
alcohol and 10% acetone, by volume. This stock 
tincture was routinely diluted 1:1 with distilled 
water to give an alcohol concentration of 25% by 
volume which eliminated the killing action of the 


* Received Sept. 4, 1945, from the Research Laboratories, 
Schieffelin and Co., New York, N. Y. 

1 Available under the trade name “ Merbak.”’ 

2 Obtainable from Resinous Products, Inc., Philadelphia, 


alcohol (6). In most tests, therefore, a 1:2000 
concentration of mercurial was the strongest used. 
Further dilution was made with distilled water 
as desired. 

The bactericidal activity of the compound against 
six species of bacteria was determined by the re- 
transfer method suggested by Shippen (5) and the 
results are presented in Table I. 


20° C. ¢. 
Staphylococcus aureus (F.D. A.) 1:14,000 1 
Eberthella typhosa (F. D. A.) 1:10,000 1 
Escherichia coli 1:10,000 1: 
Streptococcus (hemolytic) 1:25,000 1:35,000 
Pseudomonas aeruginosa 1:3000 1 
1 


Diplococcus pneumoniae (Typel1) 1:30,000 :50,000 


* Dilution of 2-acetoxymercuri-4-diisobutylphenol killing 
test organisms indicated, at the temperature stated, in ten 
minutes but not in five minutes, when tested by the Shippen 
Retransfer Technique. 


In determining the bactericidal end point for 
this compound the method reported by Heinemann 
(6), using Thioglycollate Medium (Baltimore 
Biological Laboratories) which neutralizes the 
bacteriostatic action of the mercurial, permits truer 
evaluation of its bactericidal activity. The results, 
using this method, are given in Table II. 


TABLE II? 

Staphylococcus aureus (F.D.A.) 1:12,000 1:15,000 
Eberthella typhosa (F. D. A.) 1:5000 1:25,000 
Escherichia coli 1:10,000 1:20,000 
Streptococcus (hemolytic) 1:20,000 1:30,000 
Pseudomonas aeruginosa 1:2500 1:5000 
Diplococcus pneumonia’ (Typel) 1: 1:40,000 


* Dilution of 2-acetoxymercuri-4-diisobutylphenol capable 
of killing the test organisms indicated, at the temperature 
stated, in ten minutes but not in five minutes, using Thio- 
glycollate Medium for subculture. 


The effect of blood serum upon the bactericidal 
action of this compound was determined using Thio- 
glycollate Medium for subcultures. A_ 1:4000 
dilution killed S. aureus in fifteen minutes in the 
presence of 10°; serum (rabbit) at 37°, and a 1:2090 
dilution was bactericidal in the presence of 50% 
serum in five minutes at 37°. 

The bactericidal action of this compound was 
further tested by the method of Nungester and 
Kempf (7). In this method the test organisms are 
swabbed on the tail of a mouse and exposed to the 
antiseptic agent by dipping a portion of the tail in 
the solution for two minutes. A section of the tail 
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which has been treated is cut off and placed in the 
peritoneal cavity of the animal to permit the 
organisms, if living, toincubate. The tails of thirty 
mice were so exposed to a virulent pneumococcus 
type I culture. The tails of twenty of these were 
exposed to the antiseptic (1:2000 solution of 2- 
acetoxymercuri-4-diisobutylphenol) and the other 
ten exposed to a solution of similar alcohol-acetone 


‘concentration, as controls. Sections of the tail 


were then implanted in the peritoneal cavities. 
All twenty of the antiseptic-treated animals sur- 
vived, while all ten of the controls died. 

Bacteriostatic Activity.—The ability of the com- 
pound to inhibit growth of S. aureus in the agar- 
cup plate test, in plain broth, and in serum-broth 
cultures was determined. 

Agar-cup plate tests were performed according 
to the U. S. Department of Agriculture method 
(Circular 198). Nutrient agar (Difco) was used 
as the culture medium and readings were made 
after a forty-eight hour incubation, under porcelain 
covers, at 37°. The results follow: 


Dilution of Compound Zone of Inhibition (Cm 


1:1000 1.0 
1:5000 0.5 
1:10,000 0.3 
1:50,000 0.2 


The inhibitory action of the compound in plain 
nutrient broth and in presence of 10 and 50% serum 
was determined as follows: 1 cc. of a twenty-four 
hour broth culture of S. aureus was mixed with 
100-ce. quantities of sterile nutrient broth and with 
the desired serum-broth mixtures. This was added, 
aseptically, to sterile test tubes containing varying 
amounts of the mercurial, until the test volume was 
10 cc. The concentration of the mercurial which 
prevented growth at 37°, for five days, was taken 
as the bacteriostatic concentration. The following 
results were obtained: 


Nutrient broth.................. 1:400,000 
10% serum broth........... 1: 100,000 
50°, serum broth........ 1:40,000 


Activity Against Spores.—Spores of B. subtilis 
were obtained by placing twenty-four-hour agar 
slant cultures in the ice box for a week and then 
washing off the spores to give a uniform suspension. 
This suspension was added to a solution of the mer- 
curial to give a 1:1000 dilution of the antiseptic. 
The mercurial was found not to be sporicidal after 
forty-eight hours’ exposure. 

Activity Against Tr. rosaceum.—The killing 
action of the mercurial against Tr. rosaceum was 
determined by the method of McCrea (8). Using 
this method a 1:1000 tincture of the compound 
killed the fungus in five minutes at 30°. The 
minimal concentration necessary to inhibit the 
growth of 7r. rosaceum in Sabouraud’s broth for 
ten days at 30° was found to be 1:30,000. 

Toxicity Tests..-The Maximum Tolerated Dose 
(largest amount in mg. per Kg. compatible with 
life for fourteen days following injection) was de- 


termined for the rat and found to be 25-30 mg. 
per Kg. of body weight. 

The method of Witlin (9) was used to determine 
the toxicity of the compound to nine-day-old chick 
embryos. The Minimum Lethal Dose (which pre- 
vented development and hatching of the chick 
following inoculation) was found to be 0.04 mg. 

As it was expected that this mercurial would be 
used as a preoperative skin disinfectant and as an 
antiseptic in minor cuts and skin abrasions, the 
possibility of skin irritation, or development of 
sensitivity, was considered and determined in several 
ways. The back of a rabbit was shaved and after 
two days equal areas were marked off on the shaved 
surface. The mercurial, in 1:1000 tincture, was 
applied twice daily for six days to one area. The 
other area remained untreated. On the eighth 
day, small pieces of skin were snipped from the 
centers of the treated and control areas and the 
tissue prepared for histological examination. Para- 
ffin sections were cut and stained with hemotoxylin 


- and triosin and with a trichrome stain (Masson). 


Careful examination of the sections showed no 
evidence of irritation. There was no epidermal 
thickening; no increase in the number of mitotic 
figures in the germinative layers; no evidence of 
any leucocytic infiltration or necrosis, and no 
hyperemia. It was impossible to distinguish the 
treated skin sections from those of the normal, 
untreated controls. 


The animals ir the above experiment were also 
used to determine the healing rate of the wounds 
from which the skin snips had been taken. The 
wounds in one area were painted twice daily with a 
1:1000 tincture of the mercurial. Those in the 
control area were similarly swabbed with the solvent 
only (50° alcohol + 10% acetone). The length 
of time for complete epithelization in the case of the 
mercurial-treated wounds was thirteen days, for 
control areas fourteen days. This difference is not 
significant. Upon histological examination of the 
healed areas, normal healing processes were observed 
and the treated areas could not be distinguished 
from the control areas. 


The possibility of irritation to human skin was 
considered and a 1:1000 tincture of the mercurial 
was applied twice daily, for five consecutive days, 
to the same areas on the inner surface of the right 
forearms of twenty-four volunteers. The skin 
was carefully examined daily during the period of 
treatment and for one week after the last applica- 
tion. In no instance was there any evidence of 
skin irritation. Ten days after the last application, 
the possibility of a developed sensitivity was checked 
by “patch testing’’ the area with small adhesive 
bandages saturated with the mercurial. These 
patches were applied to both forearms of each sub- 
ject and examined after twenty-four hours. In no 
instance was any redness or sign of irritation ob- 
served in treated or control area, indicating that 
repeated application of the mercurial does not tend 
to develop a sensitivity to subsequent use. 
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CONCLUSIONS AND SUMMARY 


The mercurial compound, 2-acetoxy 
mercuri-4-diisobutylphenol, synthesized in 
our laboratory, has been tested for its 
activity as an antiseptic. 

It has been found to have an appreciable 
bactericidal action against the six common 
bacterial forms reported. The compound is 
bacteriostatic in high dilutions in plain 
broth and in 10 per cent and 50 per cent 
serum broths. It is fungicidal against 7r. 
rosaceum in a dilution of 1:1000 and will 
inhibit the growth of this fungus in a dilu- 


tion of 1:30,000. Its toxicity to rats and 
chick embryos is low. It is nonirritating to 
animal and human skin and does not pro- 
long wound healing. 
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U. S. P. Melting Point Reference Standards* 


By JOSEPH ROSIN 


TT melting temperature is probably the 

oldest method for identification and 
determination of the purity of organic 
chemicals. With products that have a 
reasonably well-defined melting temperature, 
this property is a dependable measure of 
quality. 

The determination of this physical prop- 
erty, when such a determination is applic- 
able, is not only an excellent means of ascer- 
taining quality and purity but is also very 
convenient, and in comparison with quanti- 
tative methods such as determination of 
carbon, hydrogen, and nitrogen it is infinitely 
simpler, and the answer can be had in a short 
time. 

The manufacture of organic chemicals 
predicates the production of intermediates, 
and in the instance of complex compounds, 
such as synthetic alkaloids and vitamins, the 
number of the intermediates is relatively 
large. The purity of these intermediates is 
very important for the success of the suc- 
ceeding steps of the process and the proper 
quality of the end product. The proper 


* Received Oct. 10, 1945. 


melting temperature of an intermediate, if 
it has one, is a most convenient and reliable 
means of determining its quality. 

The melting temperature of a substance 
may, however, vary according to its physical 
condition, the apparatus used, and the de- 
tails of the technique. For this reason, in the 
ninth revision of the Pharmacopoeia a chap- 
ter detailing a procedure for the measure- 
ment of the melting temperature was in- 
cluded for the first time and has been con- 
tinued ever since in subsequent revisions 
of the Pharmacopoeia. 

Notwithstanding some minor criticisms of 
the U. S. P. method for determining the 
melting temperature, it is basically sound 
and satisfactory. Because, however, of its 
restrictions as to apparatus, procedure, and 
technique, the U.S. P. procedure is not prac- 
tical for use in industrial laboratories where 
many melting points have to be made in the 
course of a day. 

This situation was relieved in U.S. P. XII 
by: (a). permitting the bath to be preheated 
to within 30° of the melting temperature, 
thus affording a large saving of time as com- 
pared with the procedure in former revision 


SciENTIFIC EDITION 57 


where the heating with the melting point 
tube was supposed to have been started 
from room temperature; (+) and perhaps 
most important, permitting “‘any other melt- 
ing point apparatus or methods capable of 
equal accuracy.’ It is obvious that in order 
to determine the “equal accuracy” of ‘an 
apparatus or method a reference yard stick 
must be provided against and with which the 
applicability of different methods or appara- 
tus may be compared and checked. With 
these reference standards one can determine 
the correctness of his procedure or apparatus 


and, if necessary, establish a ‘‘correction * 


factor."’ They may also be utilized as an 
approximate check of the accuracy of a 
thermometer. 

To this end the U. S. P. Revision Com- 
mittee, through the collaboration of the 
Scientific Section of the American Drug 
Manufacturers Association, has undertaken 
to make available a set of melting-point 
reference standards covering a range of 
temperatures within which most of the 
U. S. P. chemicals melt. The chemicals 
chosen for the purpose were: 


Vanillin (M. T. 81°) 
Acetanilid (M. T. 115°) 
Acetophenetidin (M. T. 135°) 
Sulfanilamide (M. T. 165°) 
Sulfapyridine (M. T. 192°) 
Caffeine (M. T. 236°) 


These materials have been chosen because, 
first, they are stable and unaffected by air 
or exposure to summer temperatures; second 
they exhibit a fairly sharp melting tempera- 
ture; and third, they are official in the 
Pharmacopeeia. Additional melting-point 
reference materials will be included if further 
developments require it. 

The U. S. P. Revision Committee secured 
5-pound quantities of each of the above 
chemicals of U. S. P. quality. After thor- 
_ oughly mixing, 5-gram packages of each 
of the materials were submitted to 25 labo- 
ratories representing members of the Ameri- 
can Drug Manufacturers Association and its 
sister organization, the Pharmaceutical 
Manufacturers Association, with instruc- 
tions for the determination of the melting 
temperatures by: 


1. Strictly following the U. S. P. XII 
directions. 

2. Preheating the bath to within 30° of 
the melting temperature, otherwise 
following the U. S. P. directions. 

3. Use the undried material and preheat- 
ing the bath to within 30° of the 
melting temperature, otherwise fol- 
lowing U.S. P. directions. 


The laboratories were requested to report 
with each of the three modifications the 
following data: 


1. Time to heat bath to 30° below the 
melting temperature. (These data 
were of course not applicable to No. 
2 or No. 3.) 

2. Time elapsed between 30° below the 
melting point and 3° below the 
melting point. 

3. The temperature at the time of coales- 
cence. 

4. The temperature when completely 
melted. 

5. Exposed stem correction of any. 

6. The interval in degrees between the 
temperatures of coalescence and 
complete melting. 


In order to understand the above data the 
U. S. P. definition for the melting point 
(preferably to be designated as melting tem- 
perature or, better yet, melting range) is as 
follows: 


“The temperature at which the column of 
the sample (in the tube) is observed to col- 
lapse definitely against the side of the tube 
at any point is defined as the beginning of 
melting. The temperature at which the ma- 
terial (in the tube) becomes liquid through- 
out is defined as the end of melting.” 


The cooperation in this project was truly 
remarkable. Notwithstanding the pressure 
of work and drain of manpower during this 
time, all of the 25 collaborating laboratories 
cheerfully and thoroughly performed their 
task, and reported their results in two 
months or less. 

When the results reported by the labora- 
tories were tabulated, it was indeed very 
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gratifying to note that, with the exception of 
about 5 per cent of the data, the agreement 
among the laboratories was good. Fifteen of 
the laboratories used thermometers requir- 
ing no emergent stem correction, while 10 
used thermometers with emergent stem cor- 
rection. Although because of the difference 
in number, the data of the two groups may 
not be strictly comparable, they are, at 
least, indicative of a trend. They showed: 
(a) that the interval of temperature, in de- 
grees, between coalescence and the tempera- 
ture of complete melting is invariably less 
in the group using thermometers requiring 
no stem correction than in the group using 
thermometers requiring stem correction; (}) 
as would be expected, there was a greater 
tendency, though very slight, in the second 
group (thermometers requiring a stem cor- 
rection) toward greater variation between 
laboratories than in the first group, all of 
which point to the preference of using ther- 
mometers requiring no emergent stem correc- 
tion. Regardless, however, of these differ- 
ences between the two groups, the averages 
of the melting temperature ranges for the 
two groups were the same or practically the 
same. 


ture, also designated “freezing point’’ or 
“setting point,’’ was also determined in one 
laboratory by two analysts. Their results 
differed, at most, by 0.3°. The following 
table shows the crystallization points and 
the mean melting temperatures, that is, the 
mean between the temperature of coalescence 
and complete melting: 


Mean 


Crystallization Melting 

Substance Point, °C. Temp. °C 
Vanillin 81.0 82.1 
Acetanilid 114.5 115.1 
Acetophenetidin 134.4 135.0 
Sulfanilamide 165.0 165.3 
Caffeine 236.2 236.2 


Sulfapyridine gave evidence of decomposi- 
tion when it was heated to about 7° above 
its melting point to liquefy it, and its crystal- 
lization point was not determined. 


The United States Pharmacopala 


U.S.P. MELTING POINT 
REFERENCE STANDARD 


Melting Temperature 
235° to 237.5°C. 


The melting temperature is the 
temperature range within which 
the substance coalesces and is com- 
pletely melted when tested by the 
U.S.P. capillary tube method 

Distributed by the Board of Trus- 


CAFFEINE tees of the United States Pharma- 
Keep Tightly Closed copaial Convention. 
Dry over Sulfuric Acid before using 
Figure 1 


The United States Pharmacopcia 
U.S. P. MELTING POINT REFERENCE STANDARDS 


&1° to 83°C. 
VASIILLIN 


114° to 116°C. 
ACETANILID 


134° to 136°C. 
ACETOPHENETIDIN 


164.5° to 166.5°C. 


190° to 193°C. 
SULFAPYRIDINE 


235° to 237.5°C. 


SULFANILAMIDE CAFFEINE 


Distributed by the Board of Trustees. of the United States Pharmacopaial Convention. 


Figure 2 


From the tabulated results, exclusive of 
the small number of data which appreciably 
deviated from the others, the following melt- 
ing temperature ranges (see U. S. P. defini- 
tion quoted before) were adduced and as- 
signed : 


81° to 83° 
Acetanilid......... 114° to 116° 
Acetophenetidin.... 134° to 136° 
Sulfanilamide...... 164.5° to 166.5° 
Sulfapyridine...... 190° to 193° 
235° to 237.5° 


As a check on the melting temperatures of 
these chemicals their crystallization tempera- 


The U. S. P. Revision Committee is now 
making available these melting-point refer- 
ence standards in sets comprising approxi- 
mately 5-Gm. packages of each of the chemi- 
cals. The label on the packages, in addition 
to giving the melting temperature range, etc., 
also includes the following statement: 


“The melting temperature is the tempera- 
ture range within which the substance coa- 
lesces and is completely melted when tested 
by the U. S. P. capillary tube method.” 


Figure 1 is an illustration of an individual 
label, and Fig. 2 illustrates the label on the 
box of a set of reference standards. 
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A Method for Large-Scale Testing for Pyrogens* 


By SAMUEL KUNA, ANN O. EDISON, and CHARLES BUTZ 


The handling technique in pyrogen testing influences the temperature of rabbits. 
The thermocouple-box method described in this paper minimizes handling which 
results in temperatures in a lower range. Rabbits with a low initial temperature 
show a greater thermogenic response to pyrogens, making the test appear more 


positive. 


The accuracy of the temperature-measuring instruments used in the two 


methods is equivalent in ordinary routine testing, but the thermocouple-box method 

is readily converted to much greater sensitivity by merely introducing a more refined 

potentiometer. Other advantages of the thermocouple-box method are the need for 
less personnel and greater economy of time and space. 


T# presence of pyrogens in medicinal 

agents intended for parenteral use, and 
particularly for intravenous administration, 
is now recognized as a matter of increasing 
importance. The two outstanding reasons 
which have contributed to the necessity for 
testing for these substances are the more 
extensive use of therapeutic procedures 
requiring the injection of large volumes of 
fluid, and the development of certain modern 
drugs, such as the antibiotics, which often 
appear to be laden with these fever-produc- 
ing agents. 

In testing for pyrogenic substances, the 
thermogenic reaction of the rabbit has been 
found to be most nearly comparable to the 
temperature response in man, and therefore 
the U. S. P. XII specifies the use of this 
animal in its official test. The official pro- 
cedure requires taking rectal temperatures 
at three successive hourly intervals after 
injection of the test sample. The usual 
method is to keep the rabbits in individual 
cages or stocks which requires handling for 
each temperature determination made with 
a mercury thermometer. For a_ limited 
number of animals this procedure is satis- 
factory, but if the number of samples is 
large, the test becomes a major operation 
requiring considerable space and personnel. 
We have developed in our laboratory a 
practical technique for large-scale testing 
using thermocouples and special retaining 
boxes. The use of this method has revealed 
that the handling of the animals is an im- 
portant factor in influencing the tempera- 


* Received Oct. 2, 1945, from the Merck Institute for 
Therapeutic Research, Rahway, N. J. 


ture reaction and should be considered in 
evaluating the results. The chief difference 
in the handling technique is that in the 
thermocouple-box method, once the thermo- 
couples have been inserted, the animals re- 
main untouched for the entire test period, 
whereas in the thermometer-cage procedure, 
the rabbits are disturbed at each temperature 
reading by the insertion and withdrawal of 
the thermometer and the attendant 
handling. The results obtained with each 
method are compared in the following 
investigation. 


EXPERIMENTAL 


Method and Materials.—Male albino rabbits 
obtained from various sources and weighing 1 to 
2 Kg. were housed in individual cages and were 
fed an adequate diet and water ad libitum for at 
least one week prior to use for testing. During the 
period of assay, each animal was maintained in a 
specially constructed box (Fig. 1). Almost com- 


Fig. 1.—Rabbit retaining box. 


plete immobilization is attained in this box with no 
apparent discomfort to the animal. This method 
of immobilizing the test animal has been in use 
for investigational purposes for the past three 
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years, during which time more than 13,000 rabbits 


have been tested according to this technique. 
Testing Equipment.—The equipment consists of 
a portable rack of shelves (Figs. 2 and 3) holding 
any desired number of rabbit boxes, each of which 
is provided with an individual iron and constantan 
thermocouple and circuit terminating in a central 
panel board at the end of the rack. Measurements 
are made with a portable potentiometer. 
Rack.—The photographs of the rack in use 
(Figs. 2 and 3) show its construction clearly enough 


Fig. 2.—Pyrogen testing unit showing thermo- 
couples inserted, terminal board and connection to 
measuring instrument. 


to eliminate the necessity of detailed description. 
With the “‘shower curtain” in place, the fold at the 
bottom forms a trough which is so pitched as to 
permit a free flow of urine to the colle:ting con- 
tainer at the open end. Such a rack is also very 
economical of space for many other types of testing 
and is equally practical for either thermocouple or 
thermometer method in temperature determina- 
tions. Since it is mounted on casters, it has the 
added advantage that it can be stored out of the 
way when not in use, and can be moved to appro- 
priate places for washing or repairs. 
Thermoelectric Materials.—Iron and constantan 
are used as the thermocouple elements. To avoid 
the possibility of secondary thermocouple effects, 
no other metals are used in the wiring system. 
Intermediate splices are made by cleaning the bared 
ends of the wire thoroughly, winding them tightly 
together and covering with insulation. The wire 


should be enameled and cotton covered. We have 
found B. & S. gauge No. 28 and No. 30 satisfactory. 
This we obtained from Leeds & Northrup. 
Thermocouple Construction.-Our thermocouples 
are made by twisting about */\, inch of cleaned, 
bright iron and constantayn wire ends together and 
fusing in an oxy-gas flame. When fusion occurs, 
the wire is withdrawn from the flame and touched 
to some fused borax to pick up one or two crystals, 
and reintroduced into the flame for a final fusion. 
Welding the wires together is also a good method. 


Fig. 3.—Pyrogen testing unit showing ‘‘‘shower” 
curtain in place. 


The thermocouple is then inserted into a plastic 
mounting as shown in Fig. 4. Cellulose acetate 
butyrate (Saran) tubing, */;. inch outside diameter, 
is cut into 4-inch lengtns and beveled at one end. 
The actual order of procedure in the construction 
is to first string about 18 inches of No. 12 spaghetti 
over the thermocouple wire as a protection for the 
wires between the plastic mounting and the rack 
shelf. Then the 4-inch plastic tubing is slipped on. 
The thermocouple tip can then be drawn back into 
the tube until the tip is about '/,. to '/s inch inside 
the beveled end. Partially dissolved plastic, just 
soft enough to mould, is then tamped into the 
tubing for about '/, inch and allowed to dry. The 
tip is then rounded and smoothed with a file, and 
polished with a little acetone on a cloth. 

» A solid and waterproof union between the tubing 
and spaghetti can be effected by sliding the spaghetti 
about #/, inch into the tubing and touching a small 
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brush carrying acetone to the outer crack between 
the two. Capillary action carries the acetone down 
between spaghetti and tube where the surface of 
each is partially dissolved and they become mutually 
fused. 

At the union of the plastic tube and spaghetti 
about 14 inches of heavy cord is attached with 
several turns of adhesive or friction tape. After 
insertion of the thermocouple into the rabbit, this 
string is fastened around the cleat (Fig. 1-/7) on 
the box, which prevents the thermocouple from 
slipping out of the rectum. 


Circuit Arrangement..-The thermocouple for” 


each rabbit is connected by an independent circuit 
to a terminal board. A common return wire is not 
recommended as in this case a defect in one thermo- 
couple may affect the reading of all others. . The 
wires from all the thermocouples are collected into 
a sheaf under each shelf and protected from moisture 
by rubber tubing (or other waterproof covering), 
and tacked along the underside of each shelf. At 
the end of the rack these wire sheaves are assembled 
at a terminal board, where each pair of thermocouple 
wires is connected to its corresponding contacts. 

Central Terminal Board.—The thermocouple 
contacts are then readily accessible for connection 
to a measuring instrument. This may be done 
through a special selector switch or panel board. 
In our equipment the thermocouple wires are con- 
nected to contacts on a central terminal board at 
the end of the rack, which are correspondingly 
iron and constantan for each circuit. These were 
made from 18 B. & S. gauge wire, stripped, polished, 
cut into 3-inch strips, and flattened for about '/, 
inch at one end. These were mounted in a piece 
of masonite with holes drilled for each pair of con- 
tacts. The strips are then bent to form a spring 
contact on the front of the panel, while the ends on 
the back are bent over a strip of masonite, where the 
wires from the thermocouple are connected by a 
tight twist contact, and insulated and held in place 
by sealing wax or plastic (Fig. 4). 

Jack.-A_ specia! jack inserted between the 
spring contacts makes the final link between the 
thermocotiple and measuring instrument. This 
jack is cut from Bakelite or other appropriate 
material with a band of iron on one side and of 
constantan on the other. Wires are connected 
from these bands to the binding posts as shown in 
Fig. 4. The wires between the jack and instru- 
ment binding posts run through a spaghetti covering 
for protection from wear and moisture.! 


Accuracy of Method and Measuring Instru- 
ments.—The potentiometric method is used for 
the measurements. A number of instruments, 
varying in complexity and sensitivity, are available 
for this purpose. The voltage reading is often con- 
verted directly to temperature readings on the scale 
of the instrument. 


_ | We are indebted to Mr. Omer S. Lucier for assistance 
in the construction of the units 


The thermocouples were calibrated using a 
standardized thermometer in a test bath and a 
Leeds & Northrup K2 potentiometer, which can 
be read to 0.1 microvolt. The test bath consisted 
of a large, covered Dewar flask filled with water 
which was heated by a well-distributed immersion 
heater and agitated continually by a small propeller. 
A Variac on the heater made it possible to adjust 
the input voltage, so that the applied heat equaled 
the heat loss, and the temperature remained stable 
within 0.1° for hours at a time. In repeated cali- 
brations of our three units, totaling 104 thermo- 
couples, the standard deviation of the individual 
readings was equivalent to +0.127°. This value 
of +0.127° measures the average variability in 
any one calibration reading, and includes the 
variation between thermocouples and unit as- 
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Fig. 4. 


semblies also. The greatest difference between the 
highest and lowest readings in any one unit was 
equivalent to 0.160°. Two readings approximately 
five minutes apart were made on each thermocouple. 
The greatest difference between two such successive 
readings of any one thermocouple was equivalent 
to 0.07 °, while the average was less than 0.01°. 

These figures show that the thermocouple method 
is far more sensitive than clinical thermometers 
in general use. In routine testing by this method it 
is not usually practical to use as fine an instrument 
as the one cited in the above calibration. The 
Leeds and Northrup No. 8663 portable temperature 
indicator is especially designed for an iron-constan- 
tan system and contains an automatic reference 
junction compensator which obviates the incon- 
venience of an ice bath for the 0° reference junction. 
Although the readings made on this instrumert are 
not of the high degree of accuracy obtained in the 
calibrating tests, the results are comparable to 
those of clinical thermometers. 

Rabbit Boxes.—-These boxes are entirely separate 
from the rack and can be used as holding boxes for 
various tests elsewhere when not assembled on the 
shelves. They are constructed to immobilize the 
rabbit with a minimum of discomfort over a long 
period. The inclined plane (Fig. 1-A) supports 
the stomach, the upright (Fig. 1-B) fits in front of 
the hips to prevent kicking forward, while the 
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straps (Fig. 1-C and D) and hind leg support (Fig. 
1-E) on the back of the box restrict backward kick- 
ing. The wooden neck yolk (Fig. 1-F) holds the 
head in place and this together with the strap (Fig. 
1-G) prevents arching of the back. A string is 
attached at the insertion depth of the thermocouple 
and fastens around the wood cleat (Fig. 1-H) to 
keep the thermocouple in place 


The boxes in the photograph of the racks are a 
slightly different design in that they are adjustable 
to accommodate various sized rabbits. 


Tests.—Tests were conducted to determine the 
average normal or control temperature of rabbits 
handled with the thermometer-cage procedure and 
the thermocouple-box method. Temperature read- 
ings were made every hour over a period of six hours 
on two groups (I and II) of 15 normal, untreated 


‘COMPARISON OF CONTROL TEMPERATURES & 


rabbits. Two days later the tests were repeated, 
but the methods were interchanged between the 
groups. The results show that rabbits subjected 
to the handling in the thermometer-cage procedure 
have higher temperatures which may possibly be 
due to excitement, as they are disturbed at each 
temperature reading by the insertion and withdrawal 
of the thermometer, and the attendant handling 
(Fig. 5). 

Further tests using solutions of known pyrogen 
content (4 minimal pyrogenic doses of B. pyo- 
cyaneous) were made on Group II. In the first 


‘test the thermocouple method was employed. After 


two days the test was repeated using the ther- 
mometer-cage method. The results (Fig. 5) show 
that with the thermocouple-box method the tem- 
peratures are in a lower range, but the thermogenic 
response is slightly greater. 
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DISCUSSION 


During the past three years over 18,000 
rabbits have been used in our pyrogen work. 
These include animals used for both assay 
and investigational work, and of these 
13,360 were tested by the thermocouple- 
box method. The advantages of the thermo- 
couple-box method become apparent when 
the requirements for typical pyrogen assays 
using the two methods are compared. We 
have found that a maximum of 15 rabbits 


may be handled by one person in one day 
using clinical thermometers according to 
the thermometer-cage procedure. With the 
thermocouple-box method, on the other 
hand, any number of rabbits up to 100 can 
be handled on the same day by one person 
requiring some assistance only during the 
setting out and injecting periods. At present 
we have in our laboratories three units with 


a total capacity of 104 rabbits. Recording 
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the temperatures of these 104 animals takes 
one person forty to forty-five minutes. 

The space necessary for 104 animals, 
when cages or head and hip stock holders 
are used, is prohibitive in the average 
laboratory. Using the — thermocouple 
method these animals are accommodated 
in a space 5 feet high, 2'/; feet wide, and 14 
feet long. 

The length of time necessary properly to 
condition rabbits to pyrogen assays is an- 
other important consideration. Data from 
our experiments indicate that rabbits used 
in the thermometer-cage procedure show 
elevated temperatures at first, which gradu- 
ally diminish in subsequent tests until a 
lower, more stable response is reached. 
At this time the rabbit is partially condi- 
tioned to the handling required for this test. 
The length of time required for this stabili- 
zadion appears to be approximately three 
weeks, if the rabbits are mock tested a 
minimum of six times. 

With the use of the thermocouple-box 
method the conditioning period does not 
seem to be necessary. New rabbits which 
were used for the first time did not show 


any significant difference from subsequent 
tests. 

The use of rabbits varying in sensitivity 
to pyrogens is apparently the cause for the 
wide range in response to specific pyrogen 
doses obtained by various investigators 
including ourselves, and may account for 
some of the false positive results sometimes 
encountered. 

Our own criticism of the present method 
is that the stiff plastic thermocouple re- 
‘tained for such a long period of time may 
cause injury to the rectum in a certain 
number of cases. However, this objection 
is insufficient to detract from the advantages 
gained in large-scale testing. Experimiénts 
are still in progress toward improving and 
perfecting the technique. Because _Je- 
cent United States Pharmacopeeial proposal 
for revision of the pyrogen test permits 
the use of any satisfactory method of 
temperature determination, we have re- 
ceived numerous requests for the descrip- 
tion of the thermocouple method used 
in our laboratories. For this reason we 
felt justified in publishing our develop- 
ments to date. 


SUMMARY AND CONCLUSIONS 


|. The handling technique in pyrogen 
testing influences the temperature of rab- 
bits. The thermocouple-box method de- 
scribed in this paper minimizes handling 
which results in temperatures in a lower 
range. 

2. Rabbits with a low initial tempera- 
ture show a greater thermogenic response 
to pyrogens, making the test appear more 
positive. 


3. The accuracy of the temperature- 
measuring instruments used in the two 
methods is equivalent in ordinary routine 
testing, but the thermocouple-box method 
is readily converted to much greater sensi- 
tivity by merely introducing a more refined 
potentiometer. 

4. Other advantages of this method are 
the need for less personnel and greater 
economy of time and space. 
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Book Reviews 


Hayfever Plants, by RoGER P. WoDEHOUSE. 
The Chronica Botanica Company, Wal- 
tham, Mass., and G. E. Stechert and Com- 
pany, New York, N. Y., 1945. xx + 245 
pp. 16.5 x 26.5 cm. 71 illus. Price 


Pollen as the principal etiological factor 
in hayfever now appears to be established. 
To determine all pollens which are or can be 
responsible for hayfever is not easily estab- 
lished, however. The botany of hayfever is 
thug,a highly important specialty and a field 
welfwerthy of a handbook. 

wgever Plants is divided into three sec- 
trofs:/the botany of hayfever, the hayfever 
md regional surveys. 

The first section opens with a differentia- 
tion of entomophilous flowers from anemo- 
philous ones. A brief review of methods of 
pollen collection and country follows. 


Physical Chemistry of Cells and Tissues, by 
Rupo_r Hoper, with four collaborators. 
The Blakiston Company, Philadelphia, 
1945. xii + 676 pp. 14.5 x 25 ecm. 
Price, $9.00. 

The basis for compiling Physical Chemistry 
of Cells and Tissues is expressed succinctly 
in the preface: “It will be convincingly 
shown that it is not only possible, but of 
importance, to anchor physiology even 
deeper in physical chemistry than was done 
previously.” 

The first of the eight sections in this book 
deals with selected physical-chemical prin- 
ciples. In this section, thermodynamics, 
reaction velocity of enzyme action, diffusion 
in liquids, electromotive force, and some 
properties of aqueous solutions are dis- 
cussed. 

The following sections deal expertly with 
such pertinent subjects as the physical 
chemistry of large molecules; the properties 
and architecture of the surface of the proto- 
plast; the influence of some extracellular 
factors on cellular activity; the respiration 
of cells and tissues; contractility; and pas- 


In the second section, the hayfever-pro- 
ducing plants are discussed individually after 
classifying them as gymnosperms and angio- 
sperms. Here are described all plants known 
to produce hayfever, those reasonably sus- 
pected of being allergenic, and many which 
have been reported in the hayfever litera- 
ture, perhaps wrongly. The nomenclature 
has been somewhat mixed in order to use 
more common names and particularly those 
not often found in hayfever literature. 

The final section is devoted to regional sur- 
veys. The United States is divided into ten 
principal regions, and the incidence of pollen 
types is tabulated month by month. This 
information is very practical from the aller- 
gist’s viewpoint. 

In the appendix of this useful handbook 
will be found a glossary and an eleven-page 
bibliography.—-MELVIN W. GREEN. 


sive penetration and active transfer in ani- 
mal and plant tissues. Each section is writ- 
ten by an authority on the respective sub- 
jects. 

The authors seek to show that the phe- 
nomena of protoplasm, so well demonstrated 
at the descriptive level by the cell physiolo 
gists, actually are extensions of the simpler 
phenomena of the physical chemists. As 
would be expected, most of the emphasis is 
placed on the dynamics of the cell membrane 
as an interforce between the living and non- 
living. Penetration, proplems of intestinal 
absorption, and elaboration of digestive 
fluids and urine are also given attention. 

The importance of this book is enhanced 
as we are reminded that: ‘‘During the last 
four decades a tremendous revolution in our 
conception of the imorganic world has taken 
place, which during the last twenty years 
has progressively seized the aspect of the 
world of organisms.’ 

The introduction to each section plus the 
indexes appended contribute to the useful- 
ness of this volume both as a textbook and 
as a reference book.—-MELVIN W. GREEN. 


